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Sectional Design Standard for High 
Density Interconnect (HDI) Printed Boards 


1 SCOPE 
This standard establishes requirements and considerations 
for the design of organic and inorganic high density inter- 
connect (HDI) printed boards and its forms of component 
mounting and interconnecting structures. 


1.1 Purpose The requirements contained herein аге 
intended to establish design principles and recommenda- 
tions that shall be used in conjunction with the detailed 
requirements of IPC-2221. In addition, when the core 
material reflects requirements identified in the sectional 
standards (IPC-2222, IPC-2223, IPC-2224 and ІРС-2225), 
that information becomes a mandatory part of this stan- 
dard. 


The standard provides recommendations for signal, power, 
ground and mixed distribution layers, dielectric separation, 
via formation and metallization requirements and other 
design features that are necessary for HDI-a IC 
interconnection substrates. Included are trade-off analyses 
required to match the mounting structure to the selected 
chip set. 


1.2 Document Hierarchy Document hierarchy shall be 
in accordance with the generic standard IPC- 


1.3 Presentation All dimensions and tolerances in this 
standard are represented in SI (metric) units with Imperial 
units following as а hard conversion for reference only 
(e.g.. 0.01 ст [0.0039 in]). 


1.4 Interpretation Interpretation shall be in accordance 
with the generic standard IPC-2221. 


1.5 Classification of HDI Types Classification shall be 
by category in accordance with the requirements based on 
end use and as stated in 1.5.1 and 1.5.2 of this standard. 


1.5.1 Core Types When HDI products utilize core inter- 
connections, the core type(s) and their materials shall be in 
accordance with IPC-2222 for rigid and IPC-2223 for flex- 
ible core interconnections. For passive or constraining core 
boards the materials shall be in accordance with IPC-2221. 


1.5.2 HDI Types The design designation syst 
standard recognizes the six industry approved design types 
(see 5.2) used in the manufacture of HDI printed boards. 


Тирсо 


The designations in this section determine the HDI design 

type by defining the number and location of HDI layers 
jat may or may not be combined with a substrate (core [C] 

ог passive [РЈ 

For instance, an HDI printed board with two layers of HDI 

оп one side of the core and one layer of HDI on the other 

side of the core would be 2 IC] 1 


The following definitions apply to all forms of HDI 


TYPE! 1 [C] O or | [C] 1 - with through vias connecting 
the outer layers (see 5.2.1). 


ТҮРЕ Il 1 [C] 0 or 1 [C] 1 - with buried vias in the core 
and may have through vias connecting the outer layers (see 
522). 


TYPE M 22 [C] 20 - may have buried vias in the core and 
may have through vias connecting the outer layers (see 
3. 


TYPE IV 21 [P] 20 - where P is a passive substrate with 
no electrical connection (see 5.2.4). 


TYPE V Coreless constructions using layer pairs ( 
5). 


TYPE VI Alternate constructions (see 5.2.6). 


1.6 Via Formation Via formation may be different from 
that considered in IPC-2221 since additional methods for 
via formation, in addition to drilled vias, will be used, The 
methods for via formation, lamination/coating and sequen- 
tial layer process are covered in 9.1.1 


1.7 Design Features Figure 1-1 provides a color key to 
be used with all of the figures within this standard, 


2 APPLICABLE DOCUMENTS 
The following documents form a mandatory part of this 
standard and all requirements stated therein apply, unless 
modified in the section where they are invoked. 


The revision of the document in effect atthe time of solici- 
tation shall take precedence over the applicable section of 
this document. 


Packaging Electronic Circuits 
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Build-Up Material 


Prepreg/Adhesive 


Soldermask 

Core Material 

Flex 

Conductive Paste 
Bumper Conductive 
Conductive Ink/Hole Fill 
Vendor Copper 

Plating 

Anis 


ШТЕТИ 


tropic Сопаце 


Figure 1-1 Color Key 

IPC-CF-152 Composite Metallic. Materials Specification 
Tor Printed Wiring Boards. 

IPC-TM-650 "Test Methods Manual? 

Manual Method. 

2.1.6 Thickness of Glass Fabric 


2.1.1 Microsectionin, 


IPC-SM-782 Surface Mount Design and Land Pattern 
Standard 


IPC-2221 Generic 


Standard on Printed Board Design 


1PC-2222 Sectional Design Standard for Rigid О 
Printed Boards 


1РС-2223 Sectional Design St 
Boards 


dard for Flexible Printed 
IPCIJPCA-2315 Design Guide for High Density Intercon- 
nects (HDI) and Microvias 


1РС-4101 Specification for Base Materials for Rigid and 
Multilayer Printed Boards 


IPCHPCA-4104 Qualification and Performance Specific 
tion for Dielectric Materials for High Density Interconnect 
Structures (HDI) 


1С-4412 Specification For Finished Fabric Woven From 
Е" Glass for Printed Board 


IPC-4562 Metal Foil for Printed Wiring Applications 


1PC-6016 Qualification and Performance Specification for 
High Density Interconnect (HDI) Structures 


IPC/JPCA-6801 Terms and Definitions, Test Methods and 
Design Examples for Build-Up/High Density Interconnects 


1РС-9252 Guidelines and Requirements for Electrical 
Testing of Unpopulated Printed Boards 


J-STD-001 Requirements for Soldered Electrical and El 
tronic Asseml 


J-STD-003 Solderability Test Methods for Printed Wiring 
Boards 


M-STD-013 Implementation of BGA and fine Pitch 1 
nology 


2.2 Underwriters Laboratories? 


UL 746E Standard Polymeric Materials, Materials Used in 
Printed Wiring Boards 


3 GENERAL REQUIREMENTS: 
3.1 Terms and Definitions Terms and definitions shall 


be as stated in IPC-T-50, IPC/PCA-6801 and 3.1.1 
through 3.1.8. 


3.1.1 Microvia (Build-Up Via) А blind or subsequently 
buried hole that is $0.15 mm [0.00591 in] in diameter hav- 
ing a pad diameter that is 50.35 mm [0.0138 in] and 
formed either through laser or mechanical drilling, wet/dry 
etching, photo imaging or conductive ink-formation fol- 
lowed by a plating operation. 


NOTE: Formed holes 50.15 mm (0.00591 in] in diameter 
will be referred to as vias within this standard. 


3.1.2 Capture Land (Via Top Land) Land where the 
microvia originates: varies in shape and size based on use 
Gie.. component mounting, via entrance and conductor) 


3.1.3 Target Land (Via Bottom Land) Land on which à 
icrovia ends. 


ized IPC Tesi Mothods are available trough ЇРС-ТМ-650 subscrpton and on the IPC Web site (www ipc or himitestmathods him). 
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3.1.4 Stacked Vias A via formed by stacking one or 
more microvias on a buried via that provides an interlayer 
connection between three or more conductive layers. 


3.1.5 Stacked Microvias A microvia formed by stacking 
опе ог more microvias on a microvia that provides an inter- 
layer connection between three or more conductive layers. 


3.1.6 Staggered Мав А microvia on one layer connect- 

jng to a via on a second layer. which are offset such that 
the land diameters are tangential or greater. Figure 3-1 dis- 
plays an example of staggered vias. 


Figure 3-1 Staggered Via 


3.1.7 Staggered Microvias A set of microvias, formed 
оп two or more different layers, which are offset such that 
the land diameters are tangential or greater. Figure 3-2 dis- 
plays an example of staggered microvias 


3.4.8 Variable Depth Microvia/Via Microvias or vias 
formed in one operation, penetrating two or more HDI 
dielectric layers and terminating at one or more different 
layers. 


= 


Figure 3-2 Staggered Microvias 


3.2 Design Tradeoffs The information contained in this 
section describes the general parameters to be considered 
by all disciplines prior to and during the design cycle of an 
HDI substrate. 


Designing the physical features and selecting the materials 
for HDI substrates involve balancing the electrical, 
mechanical and thermal performance as well as the reliabil- 
ity, manufacturing and cost of the HDI board. The tradeoff 
checklist (sce Table 3-1) identifies the effect of changing 
cach of the physical features or materials. Costs of the 
board and assembly can be and frequently are affected by 
these same parameters. 


How to read Table 3-1: As an example, the first row of the 
table indicates that if the dielectric thickness 10 ground is 
increased, the lateral crosstalk also increases and the result- 
ant performance of the PCB is degraded (because lateral 
‘crosstalk is not a desired property). 


Table 31 PCB Design/Performance Tradeoff Checklist 


H Design Feature is Increased 

Design Feature (Increased) Performance ParameteriClass* Parameter is Reliability Is 
Dielectric Thickness to Ground Lateral CrosstalkEP e П 
Vertical Crosstalk/EP. e [а] 

Characteristic Impedance/EP е Design Driven. 
Physical Size or WeightMP • [а] 
Line Spacing Lateral Созак ЕР Г 
Vertical CrosstakEP О и 

Physical Size/Weigh/MP. e 

Electrical Isolation/MY e Г 
Coupled Line Lateral CrosstalEP e [s] 
Vertical Crosstalk/EP e ü 
Line Width Lateral CrosstalkEP O П 
Vertical Crosstalk/EP. П a 

Characteristic Impedance/EP — | [s] Design Driven 

Physical Size or WeightMP е Design Driven. 
Signal Conductor Integrity. e п 
Electrical ContinuityMY е Г] 
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| Design Feature is Increased 


Design Feature (Increased) 


Performance Parameter/Class^ 


I= Enhanced 
C = Degraded 
Resulting 
Performance or 
Reliability Is. 


Line Thickness. 


Lateral Crosstalk/EP 


‘Signal Conductor integrity’ 


Vertical Line Spacing 


Vertical CrosstalEP. 


Z, of PCB vs. Z, of Device 


Reflections/EP 


Distance between Via Walls 


Electrical Isolation/R 


Annular Ring (capture and target land to via) 


ProducibiityMY 


Signal Layer Quantity 


Physical Size or Weigh/MP. 


Layer-to-Layer Registralion/MY 


‘Component VO Pitch 


Physical Size or WeightMP 


Board Thicknoss 


Via Integrity 


Via Plating Thickness/MY 


Copper Plating Thickness 


Via Integrity 


Aspect Ratio 


Via integrity 


ProducibiityMY 


Overplate (Nickel -Keviar only) 


Via Integrity. 


GLEE EEE aE 


Via Diameter 


Ма Plating Thickness/MY_ 


Ма Integrity 


Laminate Thickness (Core) 


Lateral CrosstalvEP 


Vertical Crosstak/EP 


Characteristic Impedance/EP 


om mm 


Design Driven 


Physical Size or WeightMP 


Ма Integrity. 


Flainoss Stability/MP. 


Prepreg Thickness (Core) 


Lateral Crosstalk/EP 


Vertical CrosstalkEP 


шошо 


Characteristic Impedance/EP 


Design Driven. 


Physical Size or WeightEP 


Ма Integrity 


Dielectric Thickness (НО!) Layer(s) 


Lateral Crosstak/EP 


Vertical CrosstalWEP 


0 
n 
a 
п 


Characteristic Impedance/EP 


Dosign Driven. 


Physical Size or WeighMP 


Via Integrity. 


Flatness StabiltyiMP 


Dielectric Constant 


Reflectons/EP 


ја јојо 


Characteristic Impedance/EP. 


Design Driven. 


Signal Speed/EP. 


Design Driven. 


CTE (out-of-plane) 


Via Integrity 


СТЕ (in-plane) 


‘Solder Joint Integrity. 


Signal Conductor Integrity 


Resin T, 


Via Integrity 


‘Solder Joint Integriy'R. 


‘Copper Ductiity 


Via Integrity 


Signal Conductor Integrity 


eelo © о о ooolejo|oeje|e:|e|:ee:ee:ejejeje::e:oc:oe:oceee:o^cee 
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If Design Feature is Increased 

I= Enhanced 

Г] = Degraded 

Resulting 
Performance or 
Design Feature (Increased) Performance Parameter/Class" Reliability Is. 
‘Copper Peel Strength ‘Component Land Adhesion Г] 
to HDI Dielectric 

Dimensional Stability Layer-to-Layer Registration/MY и 
Resin Flow РОВ Resin Voids/MY. п 

Rigidity Flexural Modulus/MP. Design Driven 
Volatile Content РСВ Resin VoidsMY Га] 


1. EP = Electrical Peformance, МР = Macharical Performance, MY = Manvfactursbilty ied, R= Relabiy 


3,3 Design Layout The layout generation process for 
HDI constructions should include a formal design review 
of layout details by as many affected disciplines within the 
company as possible, including fabrication, assembly, test- 
ing and those charged with thermal management. The 
‘approval of the layout by representatives of the affected 
disciplines will ensure that these production related factors 
have been considered in the design. 


NOTE: Special consideration should be given to methods 
for ensuring the integrity of the electrical performance 
since the feature sizes are smaller than the capability of the 
presently available electrical continuity probing equipment. 
It is recommended that an electrical testing strategy be 
established for both prototype and production quantities 
before designing the HDI board. 


3.3.1 Design Considerations The success or failure of 
any HDI construction depends on many interrelated design 
considerations, including: 

* Materials selection (sce Section 4). 

* Manufacturing limitations are magnified for HDI sub- 
strates and restrict the capability to image, etch. form 
holes, plate and register. Screened or embedded compo- 
ments add to the complexity of the manufacturing process. 

* Assembly technology used for attaching bare chips, 
related components and mixed technology for HDI sub- 
strates increase the complexity of the assembly opera- 
tions. 

* If an assembly is to be maintainable and repairable, con- 

ideration must be given to component land size and den- 
sity, the selection of board and conformal coating materi 
als and component placement for accessibility. 
Components with underfill typically can’t be reworked. 

= Finished product testing/fault location requirements that 

ht affect component placement, conductor routing, 
connector contact assignments, ete. 

* End product assembly considerations that may affect the 
size and location of mounting holes, connector locations, 
lead protrusion limitations, part placement and the place- 
ment of brackets and other hardware. 


+ End product environmental conditions, such as ambient 
temperature, humidity, heat generated by the components, 
ventilation, shock and vibration. 


3.4 Density Evaluation. A wide variety of materials and 
processes have been used to create substrates for electron- 
ies over the last half century, from traditional printed cir- 
cuits made from resins (i.e. epoxy), reinforcements (i 
glass cloth or paper) and metal foil (i.e., copper), to ceram- 
ics metallized by various thin and thick film techniques. 
However, they all share a common attribute in that they 
must route signals through conductors. 


‘There are also limits to how much routing each process can 
accommodate. The factors that define the limits of their 
trace routing ability as a substrate are: 

+ Pitch/distance between vias or holes in the substrate, 

* Number of traces that can be routed between those vias, 
* Number of signal layers required, 

In addition, the methods of producing blind and buried vias 
can facilitate routing by selectively occupying routing 
channels. Vias that are routed completely through the 
printed board preclude any use of that space for routing on 
all conductor layers. 


These factors can be combined to create an equation that 
defines the trace routing ability of a technology. In the past, 
‘most components had terminations along the periphery оп 
two or more sides. However, area array components аге 
more space conservative and allow coarser VO pitches to 
be used (see Figure 3-3). See 10.4, which shows that very 
igh ШО devices will require very dense substrate routing 
order to interconnect the devices. 


3.4.1 Routability Prediction Methods 


3.4.1.1 Substrate Wiring Capacity Analysis After the 
approved schematic/logic diagrams, parts lists and end- 
product and testing requirements are provided and before 
the actual layout design is started, a wiring analysis-density 
evaluation should be conducted. This is based on all the 
parts contained in the parts list but excludes the intercon- 
nection conductors. The area usage is calculated using the 
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Figure 3-3 Package Size and ИО Count 


largest space each part occupies, including the land pattern 
Тог mounting the components on the board and "keep out" 
areas for "step downs" of solder. 


3.4.4.2 Wiring Capacity (We) Wiring capacity (We) 
the most common definition of PCB density. This connec- 
tivity definition expresses the interconnection capability of. 
а substrate type, It is established by determining the total 
length of conductors per square area of substrate (спуст? 
[in/in?]) and is the total length of all conductors in all lay- 
ers of the substrate divided by the area. 


3.4.2 Design Basics Channel width and conductors per 
channel are design layout terms that refer to the distance 
between vias and/or component lands (channel width) and 
the maximum number of conductors that can be routed 
through each channel (conductors per channel). The feature 
pitch (center-to-center distance) and the size of the feature 
(annular ring or land size) define the channel width (sce 
Figure 3-4 for these dimensions). The number of conduc- 
tors per channel is determined by the channel width and 
conductor width and spacing required to meet the electrical 
performance of the circuit(s). 


А more difficult package to include within the basic sub- 
strate design is a BGA package. The difficulty involves 
fan-out conductors as well as routing and via grids, Figure 
3-5 provides a routing diagram as well as defining the rel- 
‘evant segments of the diagram. 


Cs = Conductor spacing 
Cw = Conductor width 


Fe = Feature pitch 

G = Channel width 

Lo = Land diameter 

S = Spacing between 
conductor and land 
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Figure 3-4 Feature Pitch and Feature Size Defining 
Channel Width 
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100 PIN 
0.8 mm [0.0315 in] 
PITCH BGA 
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Via Data 

Pad: 0.45 mm, [0.0177 їп] 

Hole: 0.2 тт, [0.0079 in] 
Anti-Pad: 0.65 mm, [0.0256 in] 
BGA Pad Size: 0.4 mm, [0.016 in] 


Trace/Space Data 

Trace Width: 0.1 mm, (0.0039 in} 
Trace/Trace Space: 0.1 mm, (0.0039 in] 
Trace/Via Space: 0.125 mm, [0.004921 in] 
Routing Grid: 0.1 mm, [0.0039 in] 

Via Grid: 0.2 mm, [0.0079 in] 

Part Place Grid: 1 mm, [0.039 in] 


Figure 3-5 Routing and Ма Grid for BGA Package 


It is important to note that the land size for a microvia fea- 
ture is determined, rather than simply selected, as discussed 
in the following. 


Manufacturers successfully use a wide variety of dielectrics 
for microvia boards, ranging from conventional glass- 
reinforced epoxy to ultra-thin unreinforced materials such 


as resin coated copper foil. The product's end-use environ- 
ment and expected operating life, plus certain needed 
board-level attributes (e.g, dielectric withstand. voltage, 
resin content to fill buried vias or avoid resin starvation, 
ete.) may require a particular dielectric type and/or thick- 
ness for the microvia layer, However, before the microvia 
diameter can be determined, the designer must select the 
thickness and type of dielectric for the microvia layer of 
the board to be built, 


In addi suitable value for the aspect ratio of the blind 
microvia is also needed. The aspect ratio is the ratio of the 
length of the hole to the diameter of the hole (L/D). 
Acceptable values for aspect ratio are somewhat board ven- 
dor dependent and indicative of the hole configuration the 
vendors can form and plate reliably and consistently. At the 

me this document was prepared, typical aspect ratios 
range from about 0.5 to 0.85, although much effort is b 
expanded to push this value above 1.0 (see Section 5) 


Outer foil thickness should be known or estimated. 


The required as-formed diameter of the mierovia is calcu- 
lated as shown in Equation 1. 


Microvia Diameter = (j + D/(A,) [Equation 1] 
Where: 
j lectric thickness on outer layer 


f = Outer foil thickness 
A, = Aspect ratio 


The target pad and capture pad diameters are determined 
by adding two annular ring widths and a fabrication allow- 
ance to the as-formed diameter of the microvia, The 
required fabrication allowance is a function of material 
behavior and fabrication process tolerances. See Section 5 
for further explanation. 


It is important to consider these factors before conducting 
the wiring assessment to ensure realistic results for the type 
of board to be fabricated, Also note that conductor width 
and spacing (and required dielectric thickness) discussed in 
sections 4 and 5 may not be the same for Type 1 and Type. 
II boards, due to plating performed on layer 2 and layer п-1 
in the Type И board (see 


Examples of various feature pitch and conductors per chan- 
nel combinations are shown in Figure 3-6. 
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Figure 3-5 Feature Pitch and Conductor Per Channel Combinations 


4 MATERIALS 


4.1 Material Selection Material type and construction is 
extremely important in designing and manufacturing HDI 
boards. 


If a core substrate is required for the HDI board, selection 
of the material(s) shall be as stated in IPC-2221. The selec- 
Чоп of HDI materials shall adhere to the end product 
requirements. Established materials and their end product 
requirements are specified in IPC/PCA-4104 which 
groups materials into slash sheets that are generic in nature. 
Due to the changing nature of this technology, there may 
be acceptable materials that are not yet specified in IPC/ 
ЈРСА-4104. 


4.1.1 HDI Material Options It is important to research 
the various products to choose the one best meeting the 
design requirements, The attributes that should be consid- 
ered are: 

+ Moisture absorption 

+ Fire retardancy 

+ Electrical properties 

= Mechanical properties. 

* Thermal properties 

The designer and fabricator should concurrently review 
‘material selection for cost, performance and producibility. 
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New materials or desired combinations of materials should 
be reviewed with the substrate fabricator to ensure the end 
product will meet the requirements of the relevant сепій- 
cation body (eg., UL, CSA, CE, ete.) 


4.1.2 Designation System The following system i 
fies materials used for HDI substrates. This is a general 
identification system and does not in any way imply that all 
the permutations of properties and forms exist. Each speci- 
fication sheet in IPC/JPCA-4104 outlines engineering and 
performance data for materials that can be used to manu- 
facture HDI substrates. These materials include dielectric 
insulators, conductors and dielectric/conductor combina- 
tions 


‘The materials contained in IPC/PCA-4104 represent gen- 
eral material categories. As new materials become avail 

able, they can be added 1o future revisions. Users and 
material developers are encouraged to supply information 
on new materials for review by the IPC Microvia/High 
Density Interconnect Materials Subcommittee (D-42), 
Users who wish to invoke IPC/PCA-4104 for materials 
not listed shall list a zero for the specification sheet num- 
ber (IPC-4104/0), 


"The designation system recognizes three general materia 
types used in manufacturing HDI: 

* Dielectric insulators only 

* Conductors only 

* Combinations of conductors and insulators 


‘The first level of the designation system is the 
type: 


evel 1 Material Type 
Dielectric Insulator = IN 
Conductor = CD 


Conductor and Insulator = CI 


The other levels used to designate a particular material 
depend upon Level 1. Table 4-1, Table 4-2 and Table 4-3 
illustrate the designation system for each of the material 
types. The designation listed in the specification sheets can 
be used to determine the exact material construction by 
first looking at the Level 1 designation (IN, CD or CI) and 
then looking in the correct section (4.1.2.1, 4.1.2.2. or 
4.1.2.3) for that material type. These sections contain the 
description of the remaining designation levels with an 
example table to aid in deciphering the designation. 


‘The default designations are nonphotoimageable and unre- 
inforced. They will not be used as descriptors for simplic- 
ity (sce Table 4-1, Table 4-2 and Table 4-3). 


4.1.2.1 Dielectric Insulator Designations 
Example: The sample from Table 4-1 will be written as IN 
FINI 


Note: The letter "X" shall be entered into the designation 


where an item is not specified and does not matter, 
Level 1 Material Туре 
Level 2 Form of Dielectric 
Liquid = L 
Paste = P 
Film =F 
Reinforced (Prepreg) 
Adhesive Coated Film 
Level 3 Photosensitivity 
Nonphotoimageable = 1 
Photoimageable = 2 
Level 4 Reinforcement 


Woven Glass = G 
Nonwoven Matte Glass = М 
Nonwoven Aramid = 


Table 4-1 Sample Dielectric Insulator Designation 


1РС-4104 Level 1 Level 2 Level 3 Level 4 Level 5 
410418 N F 1 N 1 
Where 5 is Specification " Chemical 
(Slash) Sheet Number’ | Material Type | Form of Dielectric | Photosensitly | Reinforcement | Chemical, 
Table 4-2 Sample Conductor Designation 
IPC-4104 Level 1 Level 2 Level 3 
4104/5 co Р з 
Where S is Specification 
(Slash) Shet Number Material Type Form of Conductor туре of Form 
Table 4-3 Dielectric with Conductor Designations 
1PC-4108 Levelt | Level? | Levels | Leve Level $ Level 6 Level 7 
4104/5 e F 1 н 1 cr 1 
Where S is Specification | Material | Formot | Proto- | Reinorce- | Chemical | Type of Metal | Type of 
(Slash) Sheet Number | Туре | Dielectric | sensitivity | тет | Composition | Conductor | Conduction 
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Level 5 


Level 1 
Level 2 


Level 3 


.2 Conductor De 


ће letter "X" shall be entered into the designation 
where an item is not specified and does not matter. 


e-PTFE (Expanded PTFE) = E 


None 

Other = O 

Chemical Composition 
Epoxy = 1 

Epoxy Blends = 2 
Polyimide = 3 
Polyester = 4 

Acrylic: 


BT Resins = 6 

Cyanate Ester = 7 

BCB (Benzocyclobutene) = 8 

PEEK (polyetheretherketone) = 9 

FEP (fluorinated ethylene propylene) = 10 
LCP (liquid crystal polymer) = 11 

PPE (Polyphenylene Ether) = 12 

PNB (Polynorborene) = 13 

Other = O 


ignations 


Material Type = СР 


Form of Conductor 
Metal Foil = 
Solution Plate 
Printable/Past 
Vacuum Depo 
Other = O 


‘Type of Form 


Solution Plate (5): 
Electrolytic Cu = 1 
Electroless Cu = 2 
Direct Plate Initiation = 3 
Other Metal Plate = 4 


Printable Paste (P): 
Silver Particle Loaded = 1 

Other Conductive Particle Loaded 
‘Transient Liquid Phase Sintering 
Organometallic = 4 
Conductive Polymers 


‘Vacuum Deposited (V): 
Evaporative = 1 
Sputtering = 2 

Other = 3 


4.1.2.3 Dielectric with Conductor Designations 
Note: The letter "X" shall be entered into the designation 
where an item is not specified and does not matter. 


Level 1 Mate 


jal Type = CI 


Film =F 
Reinforced = R 
Adhesive Coated Film = C 


Level З Photosensitivity 
Nonphotoimageable = 1 
Photoimageable = 2 


Level 4 Reinforcement 
Woven Glass = G 
Nonwoven Matte Glass = M 
Nonwoven Aramid 
c-PTFE (Expanded PTFE) = E 
None = N 
Other = О 


Level 5 Chemical Composition 
Epoxy = 1 
Epoxy Blends 
Polyimid 
Polyester 
Acrylics = 5 
BT Resins 
Cyanate Este 
ВСВ = 8 
PEEK = 9 
FEP = 10 
LCP = 11 
PPE = 12 
PNB = 13 
Other = 0 


Level 6 ‘Type of Metal/Conductor 
Copper Foil = CF 
Copper Particle/Post 
Silver Particle/Post = SP 
Nickel Particle/Post = NP 
Alloy Particle/Post = AP 
Other Particle/Post = OP 


Level 7 Туре of Conduction 
In Plane (x-y) = 1 (e.g, Copper Foil) 
Through Plane (2-axis) = 2 (Anisotropic 
Conductive Adhesive) 
Both = 3 (e.g., Post) 


Р 
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4.2 Application Levels АП applications for microvias 
require high reliability. This includes equipment where 
continued performance is critical, equipment downtime 
cannot be tolerated or the equipment is a life support item. 
The application levels used in IPCJIPCA-4104 slash sheets 
and referred to here, are: 


H - Printed Circuit Board/High Density Interconnect 
Applications (see Figure 4-1) 

1 - Integrated Circuit Packaging Applications (see Fig- 
ure 4-2 and Figure 4-3) 

U – User Defined Applications 


Application level H (see Figure 4-1) does not require mois- 
ture resistance of PCB materials testing (sce IPC-TM-650, 
Method 2.6.16.1). Application level I (see Figure 4-1 and 
Figure 4-2) does not require Relative Thermal Index test- 
ing (see UL 796). User defined applications are just like 
application levels Н or I, except the exact values and slash 
sheets are not defined. The values for application level U 
will be agreed upon between user and supplier, The 
intended application level is listed on each slash sheet. 
Certain materials may have more than one application 


1 Level Microvia. 
/ — 2Level Microvia 


озы Drilled Through Via 


Figure 4-1  PCB-HDUMicrovia Substrate (Application H) 


Figure 4-2 1С Carrier on HDUMicrovia Substrate 
(Application I) 


4.3 Material Description by Type. 


4.3.1 Dielectric Materials. 


4.3.1.1 Nonphotoimageable Dielectric Materials Non- 
photoimageable materials are typically supplied as a liquid, 
Paste or dry film nonreinforced dielectric, which is applied 
to the sub-composite to form an insulating layer in a 
build-up circuit at the PCB manufacturing location. These 
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Figure 43 BGA Package on MCM-L Substrate Using 
HDI-PCB Technology (Application I) 


dielectrics are suitable for via formation by LASER or 
mechanical methods, Some of these materials are used to 
fill the core board through-hole to achieve planarization, 


Other materials in this group include reinforced and nonre- 
inforced epoxies, epoxy blends, polyester, polynorborenes, 
polyimides, etc. (see IPC-4101). 


4.3.1.2 Photolmageable Dielectric Materials Photoim- 
ageable materials are typically supplied as a liquid, paste or 
dry film nonreinforced dielectric, which is applied to the 
sub-composite to form an insulating layer in a build-up 
it at the PCB manufacturing location. These dielectrics 
have the capability of forming vias by photographically 
defined processes. Some of these materials may also be 
used to fill the core board through-hole to achieve pla- 
narization, 


Material chemistries for this application include epoxies, 
epoxy blends, polyimides, etc. 


4.3.1.3 Adhesive Coated Dielectric Materials These 
materials act as an insulator and provide the bond-ply 
required to adhere copper foil to the surface of а sub- 
composite. These materials may or may not include rein- 
forcement. Vias are formed utilizing methods such as 
plasma, LASER or mechanical drilling. Materials available 
differ by reinforcement (e.g., woven glass, nonwoven glass, 
aramid, film, expanded PTFE, etc.) and chemistries 
involved (e.g., epoxies, polyimides, cyanate esters, acryl- 


4.3.2 Materials for Conductive Paths (In-Plane ог Inter- 
Plane) 


4.3.2.1 Conductive Foil. Conductive foils are comprised 
of foil that are either laminated with dielectric, coated with 
dielectric or used as stand alone and then laminated into 
the structure. Foil materials аге mostly copper, although 
other metals are possible. 


4.3.2.2 Plated Conductors, Vias, Holes, Posts and 
Bumps These materials include various applied conduc- 
tive materials that are plated (electroless and electrolytic) 
in vias or as bumps ог posts on top of other circuitry 10 
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make the electrical connection between layers. Plated 
materials are mostly copper, although other plating is pos- 
sible 


4.3.2.3 Conductive Paste Conductive pastes are pastes 
applied into vias that are photoimaged, LASER ablated, 
plasma formed or formed by other means in any of the 
dielectric materials in 4.3.1. Some of these materials may 
be used to fill the core board through-hole to achieve con- 
duction and planarity. They differ by the material that is 
responsible for electrical conduction. They include silver 
particle loaded, other metal or metal-coated particles, tran- 
sient liquid phase sintering compositions organometallics. 
and conductive polymers. 


4.3.3 Materials with Dielectric and Conductive Func- 
tionality 


4.3.3.1 Copper Clad Copper clad materials have copper 
foil (see 4.4) laminated onto one or both sides of cured 
(c-stage) dielectric. The typical application uses single- 
clad material where the copper clad is used as the outer 
layer and the c-stage is bonded to the sub-composite. Vias 
аге formed utilizing methods such as plasma, LASER or 
‘mechanical drilling. Materials available differ by reinforce- 
ment (woven glass, nonwoven glass, aramid, film and 
expanded PTFE) and chemistries involved (epoxies, poly- 
imides, cyanate esters, acrylics, liquid crystal polymers, 
ec). 


4.3.3.2 Coated Copper Coated copper materials аге 
comprised of copper foil, coated with a dielectric material 
that can be directly bonded to the sub-composite. They dif- 
fer by whether they are wet processable or not. In wet pro- 
cessable coated copper, the vias are formed by acidic or 
alkaline etching or the dielectric may be made etchable by 
photographic definition. In nonwet processable-coated cop- 
per materials, vias are formed utilizing methods such as 
plasma, LASER or mechanical drilling. The materials 
coated are typically epoxy, polyimide or acrylic. 


4.3.3.3 Anisotropically Conductive Film These materi- 
als are conductive in the z-axis and are applied as bond- 
plies in between circuit layers to form the vertical electri- 
cal connection. They differ by the material (silver, nickel, 
alloy or other metals or metal-coated particles) that is 
responsible for electrical conduction. 


4.4 Copper Foil Thinner foils are generally used by the 
printed board manufacturer for “fine line" designs to 
reduce the amount of undercutting of circuit conductors 
that occurs during the etch operation and meet the require- 
ments of flip chip and chip scale packages. For multilayer. 
constructions, the copper thickness should be specified for 
each layer of the board. 


4.4.1 Pits, Dents and Pinholes For normal РСВ materi- 
als pits, dents and pinholes are occasionally found on cop- 
per foils, but can adversely affect the quality of the finished 
circuit. For circuit geometries <75 рт [2,953 pin], it is 
recommended that no pits, dents or pinholes be allowed. 


4,5 Embedded Electronic Components Passive compo- 
nents, such as resistors, capacitors and inductors, as well as 
active components, are referred to as embedded compo- 
nents when placed within the substrate of the printed wir- 
ing board. A wide variety of materials and methods can be 
used when embedding these circuit functions within the 
PCB and there are a number of reasons why designers 
‘would want to embed components within an HDI PCB. 
The primary reason is related to circuit function. In digital 
circuits, clock rates drive the signal rise time. In analog 
circuits bandwidth drives signal rise times. As signal rise 
times decrease and corresponding frequencies increase, the 
lead inductance associated with discrete, surface mount 
components begins to degrade circuit function. Moving the 
component from the surface of the PCB into the substrate. 
reduces the lead inductance and parasitic capacitance. Sec- 
ondary considerations for embedding components are 
related to board surface real estate and subsequent cost. As 
frequencies go up and circuits become more complex, 
more passives are needed to maintain signal integrity. 
Increased board size adds cost while consumer pressure 
demands smaller and less costly products. Embedding 
components in the PWB frees surface real estate for more 
functionality and enables board size reduction with corre- 
sponding cost reduction. Finally, а third level of impetus to 
‘embed components is reduction of the overall number of 
solder joint connections, which could improve overall reli 
ability of the board. 


4.5.1 Embedded Resistors Embedded resistors are 
formed within the substrate of the printed wiring board by 
any of several methods. The resistive element is typically 
formed between two conductors on the same layer. Resis- 
tor chemistries include Nicke/Phosphorus, Lanthanum 
Boride, Mixed Metal in Organic Matrix, Conductive Poly- 
mer, Doped Platinum, Organometallic, Nickel/Chromium 
and Nickel/Chromium/Aluminum Silicon. Some embedded 
resistors have an encapsulant applied above, below or both. 
‘The encapsulant materials are typically epoxy based. 


4.5.2 Embedded Capacitors Embedded capacitors are 
formed within the substrate of the printed wiring board by 
any of several methods. There are two distinct differences 
among embedded capacitor materials. One type is in the 
form of an innerlayer laminate comprised of a dielectric 
соге having copper or other form of conductor on both 
sides of the core. The copper or other form of conductor on 
each side of the dielectric forms the two plates of the 
capacitor. The other type is dielectric applied in discrete 
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locations on a layer with the copper or other conductor i 
tially existing on that layer forming one plate of the capaci- 
tor and a copper or silver based paste applied as the second 
electrode, Some embedded capacitors have an encapsulant 
applied, 


4.5.3 Embedded Inductors Embedded inductors are 
typically made by imaging the copper on one or more lay- 
ers within the printed wiring board in spiral patterns. 
Inductors are also made by applying a ferromagnetic mate- 
rial above, below or between the spiral conductor patterns. 


5 MECHANICAL/PHYSICAL PROPERTIES 


5.1 HDI Feature Size The typical feature sizes for HDI 
products are in accordance with Table 5-1. Characteristics 
identify microvia diameter, conductor definition, total 
board/core thickness and via hole to board thickness aspect 
ratios, 


1 Minimum Hole Sizes for Plated-Through Hole 
Мав Table 5-2 provides information on the minimum. 
drilled hole size to be used in conjunction with various 
board thicknesses. In order to meet the performance 
requirements of the various classes of equipments, the 
plated-through hole size to board thickness aspect ratio for 
plated-through hole vias should be in accordance with 
Table 5-1. Table 5-2 provides information on the minimum. 
drilled hole to be used in conjunction with various board 
thicknesses. 


The drilled hole size used for through hole vias shall be 
represented on the master drawing as the maximum plated- 
through hole dimension that assumes that the hole contains 
а minimum plating thickness. No minimum plated-through 
hole dimension should be specified since the through-hole 
via contains no component lead or pin and could theoreti- 
cally be plated shut. Thus, a master drawing call out of 0.0 
mm -0.2 mm [0.0 in - 0.0079 in] diameter reflects drilling 
a 0.25 mm [0.00984 in] hole that can contain a minimum, 
plating of 0.025 mm (0.000984 in] to a maximum plating. 
of 0.125 mm [0.004921 in] copper per side. 


„ Table 5-2 contains a letter code in each of the 
letter code reflects the producibility level of 
complexity in each of the particular hole size to aspect 
ratios. 


5.2 Construction Types The construction types detailed 
in 5.2.1 through 5.2.6 identify the characteristics of the six 
HDI types. 


NOTE: Asymmetric build-ups dramatically increase the 
potential for warp and twist. 


5.2.1 HDI Type I Constructions - 1 [C] 0 or 1 [C] 1. This 
construction describes an HDI in which there are both 
microvias and conductive vias used for interconnection. 


‘Type I constructions describe the fabrication of a single 
microvia layer on either one (1 [C] 0) or both (1 [C] 1) 
sides of a PCB substrate core, 


The PCB substrate core is typically manufactured using 
conventional PCB techniques and may be rigid or flexible. 
The substrate can have as few as one circuit layer or may 
bbe as complex as any number of innerlayers. 


The example in Figure 5-1 shows a 1 [С] 1 Type 1 con- 
struction. In this construction a single layer of dielectric 
material is placed on both sides of the core substrate, 
Microvias are formed connecting layer 1 to layer 2 and 
layer n to layer n-1. A through-hole is then formed connect- 
ing layer | to layer n. The microvias and holes are then 
metallized (they can be filled with conductive material if 
required), layer 1 and layer n are circuitized and fabrication 
is completed. Table 5-1 includes typical feature sizes for 
these constructions. 


5.2.2 HDI Type Il Constructions - 1 [C] 0 or 1 [C] 1 
Туре II constructions describe an HDI board in which there 
are plated microvias, plated buried vias and may have 
PTHs used for surface-to-surface interconnection. The bur- 
ied vias may be prefilled with а conductive/nonconductive 
paste or partially or completely filled with dielectric mate- 
Tial from the lamination process. 


The example in Figure 5-2 shows a 1 [C] 1 Type Il con- 
struction, which has two through vias in the core substrate 
formed prior to applying the HDI dielectric layers. Both 
vias connect layer 2 to layer п-1. The via on the 
filled with a conductive paste. The via on the left is filled 
with HDI dielectric. 


Microvias on layer 1 and layer n make the connection to 
the conductors on layer 2 and layer п-1, making the con- 
nection with the соге vias. If needed, Type II constructions 
can also have vias formed connecting layer 1 directly to 
layer n (this is displayed in Figure 5-2). 


‘Table 5-1 includes typical feature sizes for these construc- 
tions. 


5.2.3 HDI Type Ill Constructions - 22 [C] 20 Type Ш 
constructions describe an HDI board in which there are 
plated microvias, plated buried vias and may have PTHs 
used for surface-to-surface interconnection. The buried vias 
may be prefilled with a conductive/nonconductive paste or 
Partially or completely filled with dielectric material from 
the lamination process. Caution: Unbalanced constructions 
may result in warp and twist. 


Type Ш constructions are distinguished by having at least 
two microvia layers on at least one side of a substrate core. 
‘The example in Figure 5-3 shows a substrate core that has 


been applied with a dielectric layer on each side. Microvias 
have been formed connecting layer 2 to layer 3 and layer п 
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Table 5-1 Typical Feature Sizes for HDI Construction, um [mil] 
"ASPECT RATIOS Level A Level B. Level C. 
Microvia plating aspect ratio 051 0511011 >11 
[2712 @+й/а [39123 
"Through via hole aspect ratio. E 5511091 59:1 
(2k + Board (2k + Board (2k + Board 
Thickness) / h Thickness) / h Thickness) / h 
Buried via aspect ratio E 5511091 581 
@г+д)/о CENID [CPC TE] 
‘Symbol Feature Level A Level B Level C. 
а |Microvia diameter at target land 102 um [4 mil] 76 ym [3 тї 51 ут [2 
(as formed, no plating) 
b — | Microvia diameter at capture land 152 pm [6 mil] 127 um [5 mi] 76 um [3 mi] 
(as formed, no plating) 
© | Microvia target land size = 406 рт [16 mi] | 330 um [13 mil] 229 um [9 mil] 
(а + 2x annular ring) + FA? 
FA Tore = 203 um [8 тї 152 um [6 mil] 102 ym [4 mil] 
d rovia capture land size = 406 ут [16 mi] | 330 pm [13 mil] 229 ym [9 mil] 
(6 + 2x annular ring) + РА] 
FAford- 203 ym [8 mi] 152 ym [6 mil] 102 рт [amil] 
s [Internal conductor trace width 127 рт [5 mil] 75 рт [3 mil) 50 ym [2 тї 
t [Internal conductor spacing 127 рт [5 mil] 300 ym [4 mil] 50 ym [2 mil] 
e | External conductor trace width 127 рт [5 mil] 75 pm [3 тї 45 рт [1.77 mil] 
T |Extemal conductor spacing 127 рт [5 mi] 100 рт [4 тај | 45 pm [1.77 mil 
а _ | Through ма land size = See 9.1.1 of See 9.1.1 of See 9.1.1 of 
[íh + 2x annular ring width) + FA] 1РС-2221 IPC-2221 IPC-2221 
h | Through via diameter (as formed, no plating) ‘See Table 5-2 ‘See Table 5-2 Sce Table 5-2 
1 | Minimum through via hole wall plating thickness | See IPC-2221, ‘See IPC-2221, See IPC-2221, 
Table 4-3 Table 4-3 Table 4-3 
i lectric thickness (HDI blind microvia layer) 27 64 64 um [25 mil] «50 um [2 mil) 
k — | External Cu foil thickness (if Cu foil utilized) 17202. 38 ог 1/4 oz 
(See IPC-2221, | (See IPC-2221, | (See IPC-2221, 
Table 10-2) Table 10-2) Table 10-2) 
m [Minimum blind microvia hole plating thickness 10 pm [0.3937 mi] | 10 pm [0.3937 тї] | 15 um [0.5906 mil] 
mi | Minimum buried microvia hole plating thickness | 10 um [0.3937 тї] | 10 pm [0.3937 mil] | 15 рт [0.5906 mil] 
n | Minimum buried via hole wal plating thickness ‘See IPC-2221, ‘See IPC-2221, ‘See IPC-2221, 
Table 43 Table 4-3 Table 4-3 
o | Buried via diameter (as formed, no plating) ‘See IPC-2221, See IPC-2221, See IPC-2221, 
Table 9-4 Table 9-4 Table 9-4 
p | Buried via land size = See 9.1.1 of See 9.1.1 of See 9.1.1 of 
Ко + 2X annular ring) + FA) 1РС-2221 IPC-2221 IPC-2221 
а | Buried via core thickness 75 рт [3 mil] 63 pm [2.5 mil] | <63 pm [2.5 mi] 
(excluding outermost conductors) 
r |Buried via Cu foil thickness (outermost layer) 17202. 38 oz 1/4 ог. 
(See IPC-2221, | (See IPC-2221, | (See IPC-2221, 
Table 10-2) Table 10-2) Table 10-2) 
u __| Core board thickness (excluding conductors) 75 um [3 mil] 63 pm [2.5 mil] | <63 pm [2.5 mi] 
Staggered via pitch [3573 (pscy2. [m 


T FA = Fabrication Allowance which considers production master fooling and process varaons required to fabricate printed boards 
2. Measured from top surface of Layer 2 Cu to bottom surface of Layer 1 Cu. 
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Table 5-2 Minimum Drilled Hole 
Size for Plated-Through Hole Vias 


Board 7 
Thickness | Class 1 Class 2 Class 3 
comas | bevel Level | Level 
10.0394] 0.15 тт 0.2 mm 025 mm 
10.00591 in] | (0.0079 in] | [0.00984 in} 
Memo | анас Level С Level B. 
100394 into | бетт 0.25 mm. 0.3 mm 
(0.0630 in] | 00079] | [0.00984 in] | (0.012 in 
1.6 mm to 
Level C. Level B Level B 
passin to | Ота 04 mm 05mm 
0.0787 іп] | 10012 in} [0.016 inj | [0.020 in] 
Level B Level A LevelA 
Toe] | 04mm 05mm | Обтт 
1001610] | 100200] | 10.024 inl 


Note: It he copper plating thickness in fe hale is greater than 0.03 mem 
[0.0012 inj the hole size can be reduced by one cass. 


to layer n-l. The top layer is then metallized, a second 
dielectric layer is applied to it and microvias are formed 
connecting layer 1 to layer 2. A PTH is then formed, con- 
necting layer 1 to layer n and the microvias and PTH are 
then metallized or filled with a conductive material. Layer 
1 and layer n are then circuitized and fabrication is com- 
pleted. 


‘Table 5-1 includes typical feature sizes for these construc- 
tions. 
5.2.3.1 Type Ш HDI with Stacked Vias and Stacked 


Microvias Figure 5-4 displays an example of a Type Ш 
HDI board with stacked microvias. 


ypical feature sizes for these constructions, 


5.2.3.2 TYPE Ш HDI with Staggered Vias and Staggered 
5 displays a very complex HDI board, 
which utilizes staggered vias, a PTH, microvias filled with 
conductive paste and several HDI layers. 


Table 5-1 


res typical feature sizes for these constructions. 


5.2.3.3 TYPE Ill HDI with Variable Depth Blind Vias 
Figure 5-6 displays an example of a Type Ш HDI board 
with variable depth blind vias 


5:24 HDI Type IV Constructions - 21 [P] 20 Type IV 
constructions describe an HDI in which the microv 
ers are used over an existing predrilled passive substrate. 
Additional microvia layers can be added sequentially. The 
core substrate is usually manufactured using conventional 
PCB techniques. The function of the core is passive, yet it 
may be used for thermal, CTE management or shielding 
(the core doesn’t perform an electrical function) 


Tay- 


The example in Figure 5-7 shows a passive substrate core 
that has been applicd with a dielectric layer on each side. 
That layer is then plated and a second layer is applied to 
each side. Microvias are then formed connecting layer 1 to 
ег 2 and layer п to layer п-1. A via is then formed. 
which passes between a preformed opening in the core, 
connecting layer 1 10 


тп. 


Table 
ions. 


includes typical feature sizes for these construc- 


5.2.5 Type V Constructions (Coreless) - Using Layer 
Pairs Туре V constructions describe an HDI in which 


i 

i 
— 

T 


Figure 5-1 Туре | HDI Construction 
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Figure 52 Type ll HDI Construction 


= 


Figure 53 Type Ill HDI Construction (Caution: Unbalanced constructions may result in warp & twist) 


there are both plated microvias and conductive paste inter- 
connections through a co-lamination process. There is 
essentially no core to this type of construction since all 
layer pairs have the same characteristics. Type V construc- 
tions consist of the fabrication of an even number of layers 
that are laminated together at the same time the intercon- 
nections are made between the odd and even layers. This 
type of construction is neither build-up nor sequential: it is 
а single lamination process. 


The layer-pair substrates are prepared using conventional 
processes (Le. etching, plating and buried vias) and the 
substrates may be rigid or flexible. The layer pairs are 
joined together using B-Stage resin systems ог some other 
form of dielectric adhesive into which localized conductive 
adhesive has been placed. This joining material is used to 
make the appropriate interconnections, External layers may 
consist of a single conductive layer, provided its compan- 
ion layer pair is on the opposite side. 
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Figure 5-6 Type ill HDI with Variable Depth Blind Vias 


Figure 5-8 gives an example of a coreless construction 
ising three layer pairs that have been connected in lamina- 
Чоп with patterned conductive material and a dielectric 
adhesive. 


Figure 5-5 Type Ill HDI Construction with Staggered Microvias (Caution: Unbalanced constructions may result їп warp & twist.) 


Table 5-1 includes typical feature sizes for these construc- 
tions. 


5.2.6 Type VI Constructions Type VI constructions 
describe an HDI in which the electrical interconnection and 
mechanical structure are formed simultaneously. The layers 
may be formed sequentially or co-laminated and the con- 
ductive interconnection may be formed by means other 
than electroplating (е... anisotropic films/pastes, conduc- 
tive paste, dielectric piercing posts, etc). 


Figure 5-9 gives an example of a Type VI construction that 
was manufactured using piercing posts. The posts, which 
are made up of a conductive element, are attached to an 
reinforced layer of copper and the bonding process and 
interconnections are made by adding prepreg and laminat- 
ing the PCB together in one step. 


Table 5-1 includes typical feature sizes for these construc- 
tions. 
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Figure 5-7 Type IV HDI Construction 


Figure 5-8 Coreless Type V HDI Construction 


Figure 5-9 Type VI Construction 


18 


Apri 2008. 


їРС-2226 


6 ELECTRICAL PROPERTIES 


Electrical modeling analysis and design guidelines relative. 
to chip bumping and flip chip attachment are extremely 
important considerations. In addition, substrate and pack- 
age for direct chip attach, electrical models and combined 
noise analysis of the system must also be addressed. 


Bumping technology offers significantly less inductance 
than wire bonding or TAB interconnects. Although wire 
bond and TAB chips can be converted to bumped flip chip 
parts, to take full electrical advantage, chips should be ini- 
tially designed for the bumping process. This allows opti- 
mization of internal chip wiring, circuit placement and 
bump locations that match the pattern on the HDI substrate. 


Whether using a common solder bump layout or designing 
а new footprint, the chip power, ground, signal and clock 
pinout must coincide with the substrate pad designations. 
This is especially true when existing substrates are utilized. 
Also the location and proximity of sensitive signals must 
be accommodated. Because bump pitch affects coupling 
noise, separation and isolation of sensitive signals must be 
considered in the chip footprint and substrate land pattern 
design 


6.1 Equivalent Circuitry Figure 6-1 depicts the physical 
‘bump electrical path for a peripheral pad chip redistributed 
for bumping technology. The electrical path consists of a 
wiring via from the peripheral pad to the Final Metal 
(redistribution trace), the final metal trace to the рад, the 
terminal via to the bump. 


The substrate metallization and associated wiring are part 
of the substrate electrical path. The bump electrical equiva- 
lent circuitry can be derived as shown in Figure 6-2 for first 
order approximation. 


‘The wiring via and final metal (trace and pad) are modeled 
separately. Final metal consists of multiple sections (1..л). 
‘The bump and the passivation opening are represented by 
equivalent lumped circuits with both fringing and area 
capacitance accounted for in the circuits. It should be noted 
that the bump-to-chip and the final metal pad-to-chip area 
capacitances overlap. This coincidence needs to be 
accounted for in the model. One way to do this is to com- 
bine the effect of the two capacitors. 


Generally, transmission line modeling is not required 
unless rise times become significantly short and/or chip- 
traces become significantly long. Since the bump is rela- 
tively short compared to wire bonds or TAB interconnects, 
lumped element analysis can be used because distributed 
effects are minimal under most conditions. 


6.2 Final Metal Traces The final metal power ground, 
clock and signal traces are а concern for any chip design 
but especially for bump redistribution design. Metal thick- 


mess has a major impact on final metal resistance (Rfm). 
Note that metal thickness is limited by the wafer process 
capability for traces on flip chips. 


In the following example, typical dimensions are used to 
illustrate variations in final metal resistance. For this 
example the final metal is doped aluminum with the fol- 
lowing parameters: 


Surface Resistivity (Rs) 
037 ohm/square area (1.0 um [39.4 pin] thick) 
028 ohm/square area (1.5 im [59.1 pin] thick) 
018 ohm/square area (2.0 um [78.7 pin] thick) 
Signal Trace = 30 um [1,181 pin] 
Power Trace = 60 рт [2,362 pin] 
Trace = 700 шт [27,559 рїп] (minimum) 

= 3350 um [131,890 pin] (average) 
6000 pm [236.221 pin] (maximum) 
Trace = 1 pm [39.4 рїп], 1.5 um [59.1 pin] 

and 2 ym [78.7 pin] 


The largest final metal trace resistance (length = 6000 pm 
1236221 pin] and width = 30 jum [1,181 шј) can be cal- 
culated from Ohm’s la 


Ева = (Rs * Length) / Width = (0037 Q + 
6000 ит [236.221 pin]) / (30 um [1.18 mil) = 7.4 © 


Using the value from above, Table 6-1 and Table 6-2 pro- 
vide a quantitative view of how final metal resistance var- 
ies according to thickness and length for signal and power 
traces. 


6.2.1 Inductance and Capacitance Calculation of final 
metal trace inductance and capacitance requires determina- 
tion of both self and mutual effects. These effects will be 
unique for each chip design. The orientation of the final 
metal trace to underlying inter-layer metal and ground 
planes will determine self and mutual capacitance. 


Inductance (Lg) is also influenced by orientation with 
respect to underlying metal and other Final Metal traces. 
Direction of current flow in these metal structures must be 
known to determine mutual inductance. The appropriate 
current return path is needed to determine self inductance. 


Final metal trace capacitance (См) consists of self and 
fringing capacitance. A first order approximation of final 
‘metal total capacitance is shown below: 


Сем = (CaxLxW) + (Сех) x 2 


Where: 
C47 Area Capacitance (F/m?) 
jutual capacitance (F/m) 


For accurate modeling, coupling between final metal traces 
and underlying traces should be modeled using 2D/3D 
CAE programs. 
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ILM = Inter-Layer Metal 
ILD = Inter-Layer Dielectric 


ЕЕ ү 
3 Pad 


Passivation 
Metals Peripheral 
Pad Limiting ‘Terminal Via 


Metallization: 


Figure 6-1 Bump Electrical Path (Redistributed Chip) 


Chip Passivation 


4 
V | Silicon 


ILD = Inter-Layer Dielectric Wiring Via 
ILM = Inter-Layer Metal 


Final Metal 


Figure 6-2 Final Metal Trace and Underlying Traces (Cross Section) 
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Table 6-1 Final Metal Signal Trace (30 ym [1,181 ріп) Resistances (example) 
Final Metal Signal Trace Resistance (2) 
Final Metal Trace. їл pm [35:4 рю] 15 рт [59.1 win) — | 20 um [787 pin] 
700 um [27,559 yin] оз [35.43 pin] 0. [23 62 vin] 0.4 [157 vin] 
3350 um [131,890 vin] 40 [1575 vin] 3.1 112200 pin} 2.1 [826 uin] 
6000 um [236.221 pin] 7.4 (291.3 uin] 5.6 [2205 uin] 3:7 [145.7 uin] 
Table 6-2 Final Metal Power Trace (60 рт [0.00236 inj) Resistances (example) 
Final Metal Power Trace Resistance (0) 
Final Metal Trace 1.0 um [39.4 pin] 35 рт [59:1 pin] 20 um [787 vin] 
700 рт [27,559 yin] 04 [157 yin] 03 [11:8 pin} 0.2 (7.87 vin] 
3350 ит [131,890 pin] 2.1 (626 pin) 18 [62.99 yin] 1.0 [39.4 uin] 
6000 ит [236.221 pin] 37 [1457 in] 28 [1102 vin} 1.8 [70,87 vin] 


6.2.2 High Frequency Performance Because the chip 
active surface is face down or near the active substrate, 
special consideration in trace routing on the chip, inter- 
poser and substrate must be given for flip chips and grid 
arrays. Changing signal levels on either the chip or the 
substrate traces close to the chip are coupled. 


This coupling creates cross-talk, noises, ЕМЕ, interference, 
etc., in the chip or substrate. Controlling the distance, the 
dielectric between the chip and substrate traces and charac- 
teristic impedance, helps reduce the coupling. 


7 THERMAL MANAGEMENT 


Thermal aspects of bump packages provide front and/or 
backside thermal paths. Bump technology offers an added 
dimension of thermal management. Depending on the 
application, the designer has the option of selecting the 
thermal path. This concept differs depending on whether 
one is designing an HDI product as part of a component 
board or as part of a product board. In the component 
board analysis, the main thermal mechanism comes from 
the die. Usually this is the back of the bare die and the 
thermal management is made through that plane. As an 
example, if the component is a wire-bonded die attach, 
then the component board must have a copper surface 
intended to remove or transfer heat from the bottom of the 
die. If the component board encompasses a flip chip 

sign, the thermal management must be accomplished 
from the top of the die and therefore a special heatsink is 
usually developed which helps create the thermal path. The 
additional heatsink is in all probability the most efficient 
form of thermal management, though some cooling can be 
affected through the ball topology of the flip chip device. 


‘The component board thermal path is made through inter- 
nal copper layers and vias that make their connection to the 
ball that serves as the transfer medium to the thermal plane. 
These balls, normally attached to thermal vias, do not пес- 
essarily perform an electronic function and are primarily 
intended to establish the thermal path from the bottom of 
the die through the component board onto the ball and 


illy to the cooler surface of the product board. In this 
regard, the product board must have a strategy to prevent 
the heat from building up at the surface of the board where 
the ball is attached. Additional thermal vias thus serve as a 
mechanism for transferring heat from the thermal ball of 
the component board into the product board structure, usu- 
ally connecting to a thermal plane. The major differential 
between the product board and the component board rela- 
tive to thermal management is that the thermal plane of the 
product board can also perform an electronic function, i.e., 
ground or voltage plane. 


The 


ee of consideration 


n to thermal design is 


dependent upon three factors: 
1. The amount of energy or heat that must be dissipated. 


The desired operating junction temperature of the bare 
die. 

3. The ambient temperature of the surrounding environ- 
Conduction, convection and radiation are the models for 
which power can be dissipated. For bump interconnects, 
conduction is the primary heat dissipation mode with con- 
vection and radiation being smaller contributors. 


The thermal management concerns for components 
mounted on HDI substrates need to be addressed separately 
from concems for the core substrate. Nevertheless, the 
transfer technology is usually related to the metal 
faces contained within the product board. The heat transfer 
from any source is accomplished through conduction from 
the component to the metal surfaces on any product board, 
regardless of whether the product is an HDI or conven- 
tional multilayer product. It should be understood that ће 
thicker the copper thermal path, the easier the transfer of 
heat to a cooler plane. Figure 7-1 shows the path through 
two HDI surface layers (Layers 1 and 2) and it is not until 
the heat reaches the through hole where any effective cool- 
ing can take place. It is for this reason that many compo- 
ments have several thermal transfer paths to optimize the 
transfer mechanism through the thinner copper layers of 
the HDI board 
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Figure 7-1 HDI Thermal Path Relationships 


‘The forthcoming IPC-2152 will deal with the cooling effect. 
of ground and voltage planes within a multilayer board 
structure, The focus of that standard will concentrate on the 
cooling effect that the planes have on those conductors that 
generate a great deal of heat due to the amperage they 
curry. IPC-2152 will define the conditions separating a high 
thermal conductor from its associated cooling plane. The 
transfer of heat is through the dielectric which is not the 
most conducive for the heat transferring conditions. It has 
been established that the resin and glass structure of the 
dielectric play a role in the amount of heat that can be 
transferred between a conductor and a cooling plane, thus 
both material and dielectric separation should be a part of 
that analysis as will be defined in the IPC-2152. As these 
same principles apply when trying to move heat from the. 
surface, one normally attempts to use vias as the transfer 
mechanism to the plane, rather than a conductor. 


There are many similar conditions between the electric 
characteristics of a product board and the resistance to the 
flow of electrons in a conductor. It is understood that cop- 
per used in product boards has the least resistance and thus 
опе could think of heat transfer as taking on the same 
properties, migrating along a path that has the least resis- 
lance to the thermal transfer from a heated device or sur- 
face to that which is cooler. Figure 7-2 shows how thermal 
and electrical analysis are analogous to one another. 


7.1 Thermal Management Concerns for Bump Intorcon- 
mects оп HDI The bump thermal interconnect can be 
modeled as two cylinders between the chip power source 
and the HDI substrate (sce Figure 7-3). Cylinder 1 repre- 
sents the innerlayer materials on the chip. Cylinder Ш re 
resents the pad limiting metals and the bump size, The heat 
source is the device in the chip. 


Nien 


R = Шсл) 


а = electrical conductivity 
L = length of conductor. 
A = cross-sectional area of conductor 


(VI-V2) = 1R 


Current Flow (1) gq Heat Flow (0) 
Voltage Drop (V1-V2) а————з»Тетрегашшге Drop (TI-T2) 
Electrical Resistance (R) gg Thermal Resistance (R) 


e 
т AM rr: 
R 


R = ША) 

thermal conductivity 

length of conductor. 
cross-sectional area of conductor 


(TI-2) = OR 


Figure 7-2 Thermal Management of Chip Scale and Flip Chip Parts Mounted on HDI 
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Figure 7-3 Bump Interconnect Equivalent Model 


Because there are three bump interconnect diameter 
options, cylinder sizes vary accordingly. Assum 
Cylinder I is SiO 2 (k = 1.01 W/mK) and Cylinder И is 
tin/lead (3/97) solder (k = 36 W/mK) then the approximate 
interconnect thermal resistance can be calculated for each 
option (see Table 7-1), 


It should be noted that Cylinder 1 thermal resistance varies 
according to the number and specifically, the thickness (L) 
of innerlayers on the chip. As the main contributor to ther- 
mal resistance, it should be modeled accurately. Further- 
more, interface and bulk resistances have been combined to 
simplify calculations and illustrations. 


Bump interconnect thermal resistance for a typical single, 
double and triple layer metal device are shown in Table 
7-2. It should be noted that these values are based on 150 
jim [5.906 ріп] bump on iO 2 imer-layer 
dielectric is modeled. 


licon where 5 


7.1.1 Junction to Case Thermal Models Packaging 
options can range from hermetic, metallized ceramic mod- 
ules to printed circuit boards and HDI for direct chip ог 
chip scale packaging for highly specialized them 
duction packages. A bare die mounted on a substrate 
relatively simplistic thermal model, It consists of the heat 
path through the ball from the chip to the metal on the 
substrate, Other materials such as chip underfill, used to 
improve reliability by enhancing the CTE relationship 
between the die and the substrate, can also alter heat dissi- 
pation, Supplemental package features like incorporating a 


con 


Table 7-2 Typical Bump (150 um) [5,906 yin] 
Thermal Resistance Multilayer Metal Chips 


Single Layer | Double Layer | Таре Layer 
Maximum | sm 750 950 
коња ж E вю 
Мө | ж жо 750 


heat sink into the package design change the major transfer 
path of those parts that follow that packaging concept, 
‘Thermal paste can be added to enhance the thermal perfor- 
mance to facilitate heat transfer from the die to the heat- 
sink, All these components influence the junction to case 
thermal models, 


7.1.1.1 Wire Bond Thermal Model The wire bond ther- 
mal model consists of the substrate directly transferring 
most of the heat from the die as shown in Figure 7-4, The 
die is directly attached to a platform either with conductive 
epoxy or thermal paste. There is no heat transfer from the 
‘wires that interconnect the chip bonding sites to the lands 
оп the component board substrate. ЛИ heat transfer in the 
wire bond thermal model is accomplished from the plat- 
form through thermal vias, either into а cooling plane in 
the component board or to solder balls located at the base 
of the component, These balls then become the method for 
transferring heat from a wire-bonded ВСА. To enhance the 
thermal properties, most manufacturers fill the thermal vias 
with a thermal conductive epoxy. The approximate thermal 
model is shown in Figure 7-5. 


7.4.4.2 Flip Chip Thermal Model The Пір chip therm: 
model has some different characteristics for heat transfer 
essentially based on the fact that it is important for the flip 
chip to match the CTE of the mounting substrate. Because 
of these requirements, flip chip concepts require a substrate 
that has a CTE similar to the silicon die. A ceramic sub- 
strate fits that objective and thus provides some addition; 
benefits in thermal management in that the ceramic sub- 
strate has excellent heat transfer properties. Figure 7-6 
shows the characteristics of a bare die in a flip chip posi- 
Чоп on а ceramic substrate, The thermal path comes from 


Table 7-1 Typical Thermal Resistance for Variable Bump Options (Triple Layer Chip) 


Cylinder Cylinder cd 
Interconnect | Diameter T AI) п с AU) R R 
Option ^ (ит) (Ыт) | (туфиј | (т) | cew | wiwi | (пт) | Cem) | (cw) 
150 рт 10 pm 75 ym 
Ope | азот | dem | s © | pam, % m 66 
та 150 рт | 10 ym 63 um 
Option 8 | (5.908 pin) | (3984 vin) + 7? | 12.480 in} is nd 57 
ion 150 um. 10 um 50 um. 
Sene | раја | вала в uw |а | x wa | we 
Option D 150 um 10 um 375 um i 
(ОСА) 15.906 uin] | [394 vin] 18 sso | айш 18 2116 2666 
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Figure 7-4 Wire Bond Example 
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Figure 7-5 Approximate Thermal Model for Wire Bond 


the back of the die, through the silicon to the balls on the 
chip. Those balls then transfer the heat to the conductive 
surfaces on the ceramic substrate which becomes the major 
cooling function. The balls used for mounting the ceramic 
substrate may be eutectic or a high lead (5Sn95Pb) ball 
These balls transfer the heat from the ceramic component 
substrate to the next level of interconnect. Figure 7-7 
shows the approximate thermal model. 


7.1.1.3 Flip Chip with Underfill Undertill is used to 
enhance reliability for flip chip applications where the die 
is mounted to an organic substrate or product board. The 
intent of the underfill is to create a mechanical bond 
between the organic substrate (component or product 
board) and the silicon of the die. Underfill is dispensed 
between the chip and substrate surrounding the bumps as 
shown in Figure 7-8. It must be properly cured in order to 
achieve the desired CTE effect between the die and the 
substrate. Because the underfill completely fills the gap 


between the chip and substrate, it does change the thermal 
model. The approximate model is shown in Figure 7-9. 


7.1.1.4 Thermal Paste Model The thermal paste 
applied to the chip backside to reduce the thermal re: 
tance between the chip, the package lid as shown in Figure 
7-10 ог the heat sink. The approximate thermal model is 
shown in Figure 7-11 


7.2 Thermal Flow Management Through HDI Sub- 
strate In determining the analysis for the thermal path of 
amy component board or product board, several items are 
considered as important in the evaluations. The first of 
these is the length of the heat transfer path. The path usu- 
ally starts as previously explained with the semiconductor 
dic, continues on through the component and its mounting. 
substrate and eventually winds up їп the product board, 
hopefully in a cooling plane. 


It has been explained that the path is a function of the 
material used and the cross sectional area of the path that 
transfers the heat. This cross-sectional area relates to the 
volume as well as to the arca, thus for HDI with relatively 
thin metallic surfaces, an additional resistance must be con- 
sidered if the path includes the HDI product in getting to 
the cooler surfaces. 


The following general equation can be used to determine 
the conditions of heat transfer. 


Thermal Resistance 

R-LKA 

Where: 

L = length of heat transfer path 

K= material thermal conductivity 

А = cross sectional area through heat transfer path 
‘An example utilizing this equation is given below. 
Let: 

L=10 ym 

K=101 Wim-K 

А=П D?/4 where D = 150 pm 

A-3.4 + (150/4 

А = 17.6 E03 um? 


-— 10 um 1.0 E06 ym 
“TOT W/m-K* 17-7603 1m 


Wim-K = Wim-C 

R =560 °C/W 

From the analysis it can be seen that thermal vias are nor- 
mally considered by their total volume contribution to the 
heat transfer equation. In many instances this is determined 


as a round cylinder (see Figure 7-12), however cross- 
sectional area volume can also be identified for a plane that 
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Figure 7-7 Approximate Thermal Model for Flip Chip 


Silicon Chip 


Figure 7-8 Chip Underfill Example 


acts as a cooling surface for the HDI product. It should be 
noted that in determining the characteristics of a plane, one 
must take into consideration a certain amount of copper 
that has been removed from the plane to accommodate 
plated-through holes that do not connect; thus its total con- 
tribution is somewhat reduced, 


In designing HDI product as shown in this standard, the 
type most useful for heat transfer is that which contains 
through vias in the HDI structure. These through vias nor- 
mally are larger and less resistive and therefore are more 


IPC2206 
973 or 955 SaPb solder or 
аюв interconnect فوت‎ 
conducir 
Signal and ground via / 
Soldermask Eutectic solder bal 
Figure 7-6 Flip Chip Example 
Chip Junction 


cup ~ = Chip to Underhill 


Interconnect EL Underfill 


Substrate o" 


Figure 7-9 Approximate Thermal Model for Chip Underfill 


Substrate 


Figure 7-10 Thermal Paste Example 


accommodating for heat transfer. A good design is one that 
takes full advantage of the concept of through hole vias by 
utilizing them as thermal vias for the purpose of removing 
heat from the component down to a cooling plane, as 
‘opposed to using the HDI conductive pattern as a part of 
the thermal path. 


Whenever multiple thermal vias are used to remove heat, 
their characteristics shall be considered in accordance with 
Figure 7-13. The illustration shows that the volume of the 
thermal via is calculated and evaluated in parallel in order 
to determine the full thermal resistance. 


In order to complete the evaluation of the thermal path, one 
needs to know the thermal conductivity of the material 


25 


ПРС-2226. 


April 2003 


Chip Junction 


Chip to solder bumps Chip to Backside 
Interconnect Path Thermal Paste Path 
Interconnect Thermal Paste 
ó 


Substrate Lid 


Figure 7-11 Approximate Thermal Model for Thermal 
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Figure 7-12 Thermal Resistance 
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Figure 7-13 Parallel Resistances 


being used for the thermal path. Organic substrate material 
ог underfill are not good transfer mechanisms; copper and 
other metals are excellent. Figure 7-14 provides some 
examples of metallic thermal properties for some of the 
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Figure 7-14 Metallic Thermal Properties 
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more popular metals used either in the electronic conduc- 
tive patterns or as heat spreaders or heat sinks on either the 
component, the component board or the product board. 


8 COMPONENT AND ASSEMBLY ISSUES 
Component assembly issues shall be in accordance with 
the generic standard IPC-2221 and as follows: 


8.1 General Attachment Requirements In addition to 
the general attachment requirements outlined in the generi 
standard IPC-2221, the following shall apply 


9.1.1 Flip Chip Design Considerations Flip chip tech- 
developed during 
the 19605 as an alternative to manual wire bonding. In this 
methodology the chip is attached to circuitry facing the 
substrate, Solder bumps are deposited onto a wettable chip 
pad that connects to matching wettable substrate lands as 
shown in Figure 8-1 


nology is an interconnection technolog; 


Chip 
Bumps: 


Figure 8-1 Flip Chip Connection 


Flipped chips are aligned to corresponding substrate metal 
patterns. Interconnections are formed by reflowing the sol- 
der bumps as shown in Figure 8-2 simultaneously forming 
the electrical and mechanical connections. The joining pro 
cess is self-aligning, i.e.. the wetting action of the solder 
will align the chip bumped pattern to the corresponding 
substrate lands. This action compensates for chip-to- 
substrate misalignment incurred during chip placement 


Bum 


connections. Silicon Chip 
a 


Figure 8-2 Mechanical and Electrical Connections 


An added feature of the flip chip process is the potential to 
rework. Several techniques exist that allow the removal 
and replacement of chips without scrapping the chip or 
substrate, Depending on substrate material, rework can be 


performed numerous times without degrading the quality 
ог reliability provided that the mounting substrate can tol- 
erate the rework temperatures. Injection of chip underfill, 
as illustrated in Figure 8-3, improves reliability most nota- 
bly in cases of high mechanical stress. It should be noted 
that currently any rework must be performed prior to the 
т of chip undertill. 


‘Bump connection 


Silicon Chip 


Figure 8-3 Joined Chip and Chip Underfill 


An alternate joining technology to reflowable bump flip 
chip is one that has low melting solder bumps attached 
directly to a printed board. The bump on the semiconduc- 
tor die is not reflowed, instead the lower melting solder on 
the printed board wets the bump on the die to form the 
interconnect 


8.1.2 Chip Size Standardization Standardizing the size 
of semiconductor chips may appear to be counter to the 
objectives of the chip designer and supplier, Many chip 
suppliers rely on the ability to shrink the size of a chip as 
it matures, This results in more good chips per water, This 
strategy is sound if the chip is the dominant cost item for 
the product 


Many products are dominated by packaging, as opposed to 
chip cost, Prime examples are diserete diodes and transi 
tors, low lead count logic devices and general purpose am 
log chips. These products benefit from the cost reduction 
and performance improvements possible with chip scale 
packaging (CSP). 


Chip suppliers and their customers will benefit if, when 
converting their die to chip scale packages, they adhere to 
Accepting chip size standards will 
reduce the need for many different tape stocks for the tape 
and reel packaging of these devices. Standards will also 
allow users multiple sources for the same d 


ice. 


The dimensions of flip chip dice are determined mainly by 
the design and wafer processing and are therefore difficult 
to impose standards. However, the standardization of the 
interconnection pattern will reduce the costs for Known 
Good Die (KGD), die test, burn-in and handling, Recom- 
mended footprints would use standard pitches and an 
appropriate grid for the interconnect attributes (see Figure 
84). 


There are various pitches that impact the characteristics of 
the balls/bumps/lands and the number of cach of the con- 
ditions that exist. In order to determine the relationships 
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Ball or Bump CSP 


Figure 8-4 Example Layouts 


between number of balls and chip size, the characteristics 
of the different pitches are noted in Table 8-1. 


ЈЕРЕС Design Standard 95-1, Section 5 specifies the rela- 
tionship between the size of the die or CSP and the maxi- 
mum number of ball ог bumps that a configuration can 
accommodate, The standard identifies an equation for the 
length (D) and width (E) configuration as well as the toler- 
tances for the location of the ball or bumps, the allowance 
to die or CSP edge conditions from the ball ог bump (X 
and Y, Figure 8-4) and tolerance for the size die. 


The equation states that the maximum ball or bump count 
(MD or ME) for either the D or E Chip or CSP body direc- 
tion can be determined using the following: 


_ KDcoaa) = (ban + eee) = Q3) у 
e 
truncated to the next integer 


MD 


or 


[(E-aaa) = (bass + eee) 
E e 
truncated to the next integer 
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ME: 


th of the die or CSP 

Ihe width of the die or CSP. 

the variation from nominal D or E (usually 0.15 mm. 

[0.00591 in]) 

= maximum ball or column diameter (can also be 
applied to land width where lands are on the edge 
of a die ог CSP). 

eee = location tolerance variation from true position (usu- 


Х — distance of maximum ball/bump/land from chip or 
CSP edge (D side), usually 0.13 mm [0.00512 in] 

Y -distance of maximum bal/bump/land from chip or 
CSP edge (E side), usually 0.13 mm [0.00512 in] 


8.1.2.1 VO Capability Table 8-2 and Table 8-3 show the 
characteristics of die or CSP that are square and rectangu- 
lar in size. It should be noted that for nonsquare die or CSP, 
the examples shown are based on а package ratio of 
approximately 2:3. It should also be understood that the 
intent of the table is to provide information on the I/O 
capability for various chip and CSP sizes using the previ- 
ously defined equations and the maximum ballicolumn 
diameter shown in Table 8-2. 


The column headings of Tables 8-3 and 8-4 highlight the 
drivers for chips and CSP related to pitch distances. The 
‘examples provide expectations for ИО for the fixed sizes 
indicated using pitch variations from 1.00 mm [0.0394 in] 
10 0.30 mm [00118 in]. 


JEDEC Publication 95 package outlines MO (registrations) 
and MS (standards) will show the standardized sizes, 
pitches and terminal counts for CSPs and flip chips. Table 
8-2 was generated from ЈЕРЕС Pub 95-1 Design guide Гог 
ВСА and FBGAs for pitches 1.0, 0.80 mm [00315 inl, 
0.65 mm [0.0256 in] and 0.50 mm [0.0197 in]. АП of Table 
3-2 and Table 8-3 pitches of 0.75 mm [0.0295 in}, 0.40 mm 
10.0157 in] and 0.30 mm [0.0118 in] were calculated using 
the formula defined in 82.1. 


In addition, Table 8-3 shows the variation that exists when 
parts that are rectangular in nature and the number of ball 
Positions that each can accommodate in their maximum 
relationships. 


8.1.3 Bump Site Standards The chip scale bump grid 
array packages give chip designers significant freedom to 
chose the bump location and the signal type transmitted on 
the bump. Chip suppliers should observe standards for grid 
pitch, bump size and bump location. 


Optical assemblers will use placement machines that will 
place the package based on the edge dimensions. This is 
because the machine can't see the bump locations. The 
placement accuracy and assembly yield will depend on the 
assumed location of the bumps relative to the distance from 
the edge of the package and the bump grid. 


8.1.3.1 Peripheral Lead Standards The lead pitch stan- 
dards for peripheral leaded chip scale packages, such as 
MSMT should follow the existing standards set by the 


ally 0.50 DTP) ЈЕРЕС 1С-11 Committee. Applicable pitch standards are 
Table 8-1 Pitch Dimensions 
Standard pitch Fine pitch Very fine pitch 
150mm | 127mm] 10mm | 080mm | 075 mm | 065 mm | 050mm | 040mm | 030 mm | 0.25 mm 
10.0591 in] | [0.05 in] | (0.0394 in] | (0.0315 in] | (0.0295 in] | [0.0256 in] | [0.0197 inl | [0.0157 in] | [0.0118 in} | [0.00984 in} 
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Table 8-2 Examples of Fixed Square Body Size Showing Maximum VO Capability 
Size Potential Оз Related to Pitch 
Sue | Limitations | топт | 08mm | 075mm | 065mm | 050mm | олот | 030mm 
Identifier | mm, in] | [0.0384 in] | 100215 in] | [0295 inj | [0.0256 inj | (00197 in) | 100197 п] | [0.0118 Im 

s | mes | ° 1 E E " ат m 
= (0200 20] 16 25 36 49 81 121 196 
$3 юз. pe 25 49 64 ва 121 196 289 
et 1029028] 3 64 вт 100 169 256 m 
E "nm РЈ E 100 121 225 361 576 
ES m 64 100 144 169 289 p 784 
s7 m од "m m 169 196 361 476 961 
зв | разибиза | 100 169 196 256 m 676 m 
э | paraoa] 12 в | ж | æ | => | on | мм 
эю ab | C^ 225 289 E 625 961 1681 
sn | ossnossy | 189 289 324 400 729 1156 1986 
sz | rm 196 324. 400 484 841 1296 2304 
575 | pasmosa] 225 361 E 529 961 1521 2601 
зм |i 650.669] 256 400 484 625 1089 1681 2916 
LIP | 289 m 576 729 1225 1936 3364 
518 bare er 529 625 784 1368 216 3721 
эт пле эн 576 676 900 1521 2401 4096 
зв | рате | 40 | єз | v | = | wm | ми | e 


02 mm [0.00787 in], 0.3 mm [0.0118 in], 0.4 mm [0.0157 
їп], 0.5 mm [0.0197 in], 0.63 mm [0.0248 in] and 0.65 mm 
10.0256 in]. Refer to JEDEC publication 95 for detailed 
dimensions. 


8.1.4 Bump Options. 


8.14.1 Solder Bump The solder bump forms the electri- 
1 and mechanical bridge between the chip and next level 
assembly. It absorbs the stress between the chip and next 
level of assembly caused by variations in their relative 
thermal expansion rates. 


The solder composition of the flip chip bumps varies 
according to required mechanical and thermal properties. 


Electrodeposition offers a wider range of SnPb composition. 
than evaporation and thus offers greater control over 
mechanical and thermal properties. Electrodeposition also 


produces smaller diameter bumps and is more difficult to 
control uniformity. 


A variety of solder paste compositions can be screen 
printed. 


‘Common bump diameters and minimum pitches are shown 
in Table 8-4. Minimum pitch requirements are based on 
radial distances (center to center) between bumps. Bump 
diameters are measured at the widest point of the ball. 
‘Common bump compositions include: 

+50 InPb 

+63 SnPb 

+90 PbSn 

+95 PbSn 

+97 PbSn 
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Table 83 Example of Fixed Rectangular Body Size 
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"Peripheral опу. 


‘Today, for flip chip applications, minimum pitch require- 
ments are larger to account for printed board wiring capa- 


Pozzo 


‘An example of typical DCA bump design is shown in Fig- Figure Suggested Direct Chip Attach Grid Pitch (250 


re 85, um [9,843 pin] Grid; 150 pm [5,906 pin] Bumps) 
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8.2 Chip Scale Design Considerations Flip chip bump- 
ing processes have lead to the development of concepts 
identified as chip scale interconnection. Chip scale (size) 
Packages are extensions of that concept that have been 
enhanced to provide more robust attachment technology. 
Although initially thought of as only array type packages, 
the concept for CSP has grown to cover various construc- 
tions of single die or multiple dies in a package configura- 
tion. Figure 8-6 shows three variations of package con- 
structions. In each instance the package is slightly larger 
than the bare die, thus these parts are sometimes known as 
chip size packages. 

Having die encapsulated in this more robust configuration 
enhances the assembly process. Chip scale packages paral- 
lel standard surface mount packages in form factor, being 
found in both peripherally leaded and area array formats. 
As with their larger counterparts, chip scale packages are 
designed to facilitate test and burn-in of the semiconductor 
before committing them to the assembly process, thus 
effectively providing an answer to the current problem of 
known good die (КОР). 


Chip scale packaging (CSP) has emerged as a viable semi- 
conductor packaging technology that seeks to bridge the 
gap between flip chips and conventional surface mount 
packages. 


The technology has developed in response to some of the 
limitations of flip chip technology and to address the con- 
cems and perceived risks associated with handling and 
assembling bare die while still maintaining most of the 
volumetric packaging and performance advantages that flip. 
chip technology offers. 


‘The common advantage of these differing approaches is the 
ability to offer packaged chips that will facilitate movement 


toward smaller, lighter, high performance systems at lower 
cost, using the current SMT assembly infrastructure. 


The need for smaller devices, the developments in flip chip 
bumping processes and advancements in the packaging of 
microwave devices have lead to the development of chip 
scale package concepts. CSPs are extensions to the flip 
chip concept as the packaging of the chip provides robust. 
handling and attachment without the need for additional 
materials, such as underfill epoxies. 


Chip scale packages are available in two basic configura- 
tions; 


1. Chip Scale Area Array Packages (FBGA and FLGA). 

2. Chip Scale Peripheral Leaded Packages (TSOJ and 
500). 

3. Chip Scale Peripheral Land Packages (SON and QFN). 


Chip scale packages arc attached to the HDI using the 
basic fine pitch surface mount technology assembly pro- 
cess. 


‘The fine pitch process starts by stenciling а thin layer of 
fine particle solder paste onto the PCB land areas. Next, the 
bumps, balls or leads of the chip scale and other SMT 
packages are placed in contact with the solder paste. The 
assembly is heated in a controlled oven to a temperature 
above the melting temperature of the solder. The assembly 
is cleaned, if required. As with flip chip, an underfill epoxy 
тау be injected under and around the chip scale devices to 
enhance their solder joint reliability, however, like conven- 
tional SMT, certain chip scale packages do not require the 
tunderfill epoxy. After curing the underfill epoxy, the assem- 
bly is tested. 
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Figure 8-6 Type of CSP 
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8.2.1 Chip Scale Area Arrays (FBGA and FLGA) Chip 
scale Grid Arrays are produced by a few different fabrica- 
tion methods. The CSP-A configurations developed to date 
include: 

* Micro BGAs 

* Mini BGAs 

*SLICC 

+ Other chip scale packages. 

Each has its unique method of manufacture, however, most 
of the devices contain an interconnection method for the 
chip on the top side in an array format similar to flip chip. 
In the case of ЫВСА and SLICC a flexible or rigid inter- 
poser serves at the redistribution dielectric. In the case of 
mini BGA and CSPs the dielectric is a polyimide which is 
deposited on the active part of the chip. 


8.2.2 Peripheral Leaded Chip Scale Packages (TSOJ 
and SOC) Peripheral leaded chip scale packages are those 
that make use of or replace the existing bonding pads on 
the semi-conductor chip. TAB is one form of peripheral 
package and qualifies as a chip scale package if the TAB 
area is within the area defined for chip scale packages 
(More information is available on TAB in the document 
SMC-TR-001). 

Beam lead technology is another chip scale peripheral 
approach that is still used for microwave devices. New 
ideas for chip scale packages have developed. One of these 
is the Micro SMT or MSMT package. This package con- 
sists of metallized silicon or GaAs posts and metal beams. 
» the posts and the beams are encapsulated in an 
epoxy or similar compound. 


А second CSP-S is the system that uses a lead frame. The 
lead frame provides the redistribution of the chip bonding 
sites from the corner to the peripheral. 


The chip is wire bonded to the lead frame and is then 
encapsulated to protect the wiring and the active silicon 
(see Figure 8-7). As in many of the chip scale packages the 
back of the die is accessible for heat transfer. 


Lead frame 
contacts, 
я Encapsulant 
Wire bonds Silicon Chip. 


Figure 8-7 Chip Scale Peripheral Package 


The major difference between the two peripheral packaging 
systems is that the MSMT is accomplished at the wafer 
level. 


8.3 Printed Board Land Pattern Design The Printed 
Board Land Pattern for flip chips and grid arrays is simply 
a circle of coated copper whose diameter is the same as the 
bump’s circle. The coating on the copper is one of the 
common solderability preservatives, such as solder, gold 
flash or an organic solderability protector (OSP). 


For MSMT packages, the land pattem may be a solder 
mask defined opening over the conductive area. A top and 
ross sectional view of the printed board land pattem is 
shown in Figure 8-8 and Figure 8-9. 
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Printed Circuit Board 


Figure 8-8 Printed Board Flip Chip or Grid Array Land 
Patterns 


8.4 Substrate Structure Standard Grid Evolution More 
recent entries into the arena of substrates designed to meet 
ihe demanding requirements of flip chip and chip scale 
technologies appear well suited to the task. These technok 
gies allow for the construction of shortest path routing for 
the IC device. Typically based on the concept of standard 
grids, laminated substrates will allow for the production of 
inexpensive, high performance systems. 


These technologies are fundamentally elegant in concept 
and are predicated on the notion that standard grids will be 
required to create economically tomorrow's most advanced 
systems. The grid pitch that appears most attractive is the 
‘one forwarded by the Intemational Electrotechnical Com- 
mission (IEC) in their Publication 97. 


‘Table 8-5 illustrates the design rule concept. An example of 
а structure that supports the standard grid concept is shown 
im Figure 8-10. The use of imterposers and substrates 
designed on а common grid allows for the construction of 
substrates that can offer "Manhattan routing" of signals. 
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Figure 8-9 MSMT Land Drawing and Dimensions 
Table 8-5 Chip Edge Seal Dimensions (Typical) 
Description. Dimension | — Width 
Chip Passivation Edge Seal А АН 
Polyimide Edge S 2008 7 um [276 pin} 


This eliminates the need for redistribution wiring, which 
normally consumes large amounts of valuable board real 
estate while limiting higher performance opportunities. 


In the illustrated format the interposer joins the inner lay- 
ers and interconnects them in a single step process. 
Because the inner layers are thin, the plated through-holes 
have very small aspect ratios for plating and are relatively 
easy (0 produce. These inner layers can then be electrically 
tested before committing them to the finally assembled 
laminate stack, thus providing greater assurance of a high 
yield. 


8.4.1 Footprint Design A flip chip or chip scale footprint 
design is the arrangement of bumps on the chip surface. 
When laying out the array of bumps, forethought and plan- 
ning are required. Bump footprints can be arranged in 
peripheral, array or interstitial array formats. Examples of 
these are shown in Figure 8-11. 


The size and population of the bumps affects the attach- 
ment reliability. The use of the design guide checklist in 
J-STD-012 will minimize reliability problems. 


8.4.2 Design Guide Checklist Various design guidelines 
are applicable in ће development of the chip, the CSP or 
the attachment process. The guidelines in some instances 


relate directly to the chip manufacturing conditions. In 
other instances they also apply to chip scale I/Os. In any 
event, the guidelines are for very specific reasons and 
designers should consider the following issues: 


8.4.3 Footprint Population The number of bumps 
needed varies with electrical, thermal and mechanical 
requirements. Besides electrical connections, bumps may 
be included for heat dissipation, mechanical support (out- 
riggers, chip orientation or future design migration) 


Each application has its own unique characteristics, This 
makes it impossible to establish a general methodology for 
footprint population; however, there are various strategies 
that can be employed depending on the application. The 
following are some examples of several footprints popula- 
tion design issues and suggested approaches for solving 
them. 


8.4.3.1 Redundant Bumps Redundant bumps are 
designed for power and critical signals. The chip area will 
support а larger footprint but the resulting distance from 
the neutral point (DNP) may negatively impact reliability. 
In this approach the outermost rows of bumps join chips 
and endure the most stress. As the DNP increases, the 
stress in the outer rows increases, 


By placing redundant bumps in the outer rows and critical 
bumps in the inner rows, if bumps in the outer rows fail, 
chip functionality will not be compromised. Include а suf- 
ficient number of redundant bumps to allow for potential 
loss. Figure 8-12 shows how this might be accomplished. 
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Figure 8-11 Bump Footprint Planning 


Orientation 
O Mechanical 
O Redundant 
ө списа 
Figure 8-12 Redundant Footprint 
An alternative and supplemental solution would be to use to locate the critical bumps in the chip's interior. Use outer 
chip underfill after the chip is attached to a substrate. This rows for redundant and mechanical bumps. When the 


might be necessary if the DNP is sufficiently lame. This shrink occurs, the outer, less essential rows will be lost, but 
does not involve additional wafer level processing the critical bumps will not be affected, As the chip shrinks 
so does the DNP -making the loss of redundant and 
mechanical bumps less of an issue, This is illustrated in 
Figure 8-13. 


84.3.2 Chips That Will Incur Design Shrinks Dc: 
а footprint for chips that incur design shrinks requ 
tional considerations. The approach for this chip de: 
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Figure 8-13 Design Shrink Footprint 


It should be noted that with this approach, the bump foot- 
print does not affect the package, as the critical connections 
do not change. Redundant connections to the package sim- 
ply become open pins. Caution should be exercised when 
the chip area shrinks so that the bump footprint does not 
shrink. In addition, provision must be made for orientation 
and alignment of the shrunk die. 


8.4.3.3 1/0 Drivers on the Periphery Some chip designs 
require that the ПИО drivers are on the periphery with other 
circuits internal to the chip. Redundant connections for 
power and signals are desired. 


When using the approach that positions /O drivers on the 
chip periphery, shorter interconnection lengths are always 
desirable in order to minimize parasitic effects. Bumps 
should be located as close to the pertinent circuitry as pos- 
le 


Figure 8-14 shows redundant power and ground bumps that 
are located above the internal circuitry to minimize distri- 
bution lengths. Input bumps are placed near the input с 

сийгу and output bumps are placed near the output drivers. 
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Figure 8-14 Signal and Power Distribution Position 


8.4.3.4 Isolating Sensitive I/Os In some chips, it is 
important to electrically isolate a sensitive input/output 
position from crosstalk or other noise, The approach to 
doing this is to surround the area with power and ground 
bumps as shown in Figure 8-15. Caution should be exer- 
cised when placing bumps of different electrical potentials. 
in close proximity, as they could cause shorting problems 
with dense wafer probes, Bump pitch should be maximized 
to minimize this hazard. 
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Розава 


Figure 8-15 Nested VO Footprint 


9 HOLES/INTERCONNECTIONS 
‘The general requirements for holes, lands, minimum annu- 
lar ring and standard fabrication allowances related to the 
соге material, as well as surface-to-surface PTHs, are ref- 
егепсе in IPC-2221, IPC-2222 and IPC-2223. 

This section deals specifically with the requirements for 
HDI layers. 


9.1 Microvias 
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Photo-Via Process. 


Paste-Via Process Mechanical Process 


Figure 9-2 Microvia Manufacturing Processes 


Mechanically Punched - 1 
Laser Drilled - 1, 4, 5, (6) 


Mechanically Drilled - 1, 4 Photo Formed - 5, 6,7 
Wet Etched - 2,6 
Dry Etched (Plasma) - 2 


Abrasive Blast - 3 
Conductive Paste Via - 8 
Conductive Bonding Sheets - 9 


Figure 9-3 Cross-Sectional Views of Methods to Make HDI with Microvias 


and/or plugged holes. Microvias are formed by photoimag- 
ing. A layer of dielectric is coated over the base substrate. 
The microvias ог circuit paths are imaged, developed, 
cured and subsequently metallized to allow for patterning. 


First used in 1988. the photoimageable dielectric was a 
modified solder mask. Today. modem photoimageable 
dielectrics (PID) are optimized as a dielectric 
dry film format and can be positive or negative acting. This 
is also a mass (global) via generation technique. forming 
all vias in a single operation. 


9.1.1.4 Conductive Inks/Insulation Displacement Fig- 
ure 9-7 shows a dielectric layer with microvias formed by 


photo-imaging, laser or insulation displacement. A conduc- 
tive paste is used to fill the microvias and act as the con- 
ductive path between layers. Surface metallization may be 
accomplished by either laminating copper foil onto the 
dielectric surface or by chemical deposition, 


9.2 Via Interconnect Variations 


9.2.1 Stacked Microvias When one or more microvias 
are vertically aligned and interconnected with another 
microvia, the result is a set of stacked microvias. Figure 
9-8 shows different types of stacked microvias. 
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Thin Film HDI Ceramic Substrate. 


Laser Blind Vias 


ial Bonded Flex 


Sequential Build-Up (SBU) 


Figure 9-4 Four Typical Constructions that Employ Lasers for Via Generation 


Sequential Bonded Film (Plasma Etched) 


‘Sequential Bonded Film (Micropunched) 


Roll Sheet Build-Up (Chem. Etched) 


9.2.2 Stacked Vias When onc or more mi 
vertically aligned and interconnected with а buried via, the 
result is a set of stacked vias. Figure 9-9 shows different 
types of stacked vias. 


9.2.3 Staggered Microvias A staggered microvia is 
formed when one or more microvias interconnect in a man- 
пег such that the target pad of one microvia is tangential or 
greater to the capture pad of the subsequent microvia (see 
Figure 9-10). 


Violating the tangency requirements when design- 
gered microvias may violate annular ring requi 
ments and reduce reliability 


9.2.4 Staggered Vias A staggered via is formed when a 
microvia and buried via interconnect in a manner such that 
the target pad of the microvia is tangential or greater to the 
capture pad of the subsequent buried via. The microvia 
may be connected to other microvia combinations (see Fig- 
ure 9-10). Figure 9-11 shows an isometric view of a stag- 
gered microvia 
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Photo-Via Layer 


Carrier Formed Circuits. 


Figure 9-6 Commercially Produced PID (Photoimageable Dielectric) Boards 


Solid Via Interconnect Build-Up Technology 


Figure 9-7 HDI Board that Employs Conductive Pastes as 
ма 

NOTE: Violating the tangency requirements when design- 
ing staggered vias may violate annular ring requirements 
and reduce reliability 


9.2.5 Variable Depth Vias/Microvias Variable depth vias 
and microvias are formed in one process step. penetrating 
two or more HDI dielectric layers and making connection 
between two or more layers. When a variable depth via 
passes through any given layer without making a connec- 
tion, а clearance hole (anti-pad) is required 


It should be noted that the depth of the hole should not 
increase the plating aspect ratio beyond the manufacturing 
capabilities of the circuit board fabricator. 


Figure 9-12 displays various variable depth vias. 


Figure 9-8 Stacked Microvias 
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Figure 9-9 Stacked Vias 


; Hole Center 


Figure 910 Staggered Microvias f 


Figure 9-11 Isometric View of Staggered Vias 
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Figure 9-12 Variable Depth Vias/Microvias 
10 GENERAL CIRCUIT FEATURE REQUIREMENTS 
10.1 Conductor Characteristics. Conductor characteris- 


tics shall be in accordance with the generic standard IPC- 
2221 and as follows: 


10.1.1 Balanced Conductors Whenever possible, to 
reduce bow and twist and to increase dimensional stability 
conductors should be balanced within an individual layer. 
Conductor routing density should be spread throughout the 
board wherever possible, to avoid the need Гог special etch- 
ing or plating thieves. Plating thieves are added metallic 
areas, which are nonfunctional on the finished board but 
allow uniform plating density, giving uniform plating 
thickness over the board surface. 


10.2 Land Characteristics Land characteristics shall be 
їп accordance with IPC-2221. 


10.3 Determining the Number of Conductors Use 
Equation 2 to determine the number of conductors that can 
be used based on feature pitch. 


Number of Conductors (Cy) = (Fp - La 
Cw +С) 


When Cs = 
Cy = [Fp = Lp - СИ Су + Cs) 


PETI 
[Equation 2] 


. the equation simplifies to Equation 3. 


[Equation 3] 


Where: 


Fp = Feature pitch 


Conductor width | 
pacing between conductor and land 


Table 10-1, Table 10-2, Table 10-3, Table 10-4 and Table 
10-5 cover various feature pitch, land diameters and con- 
uctor widths and spacings and give the number of conduc- 
tors per channel width. Designers can interpolate for land 
diameters and line/space widths not listed, When using an 
autorouter, the fraction of a conductor is useable. When 
using a gridded CAD system, the fraction must be rounded 
down to the closest whole number. 


10.4 Wiring Factor (WA) Wiring factor is the actual den- 
sity of a board resulting from the wiring distance required 
to connect all the electrical terminations of all the compo- 
nents, terminations and test points on a board di 
the routable area. Wiring factor can be deters 


Equation 4. 
Wiring Factor (Wp) = ес 


[Equation 4] 

Where: 

£ = Layout efficiency 

We= Substrate wiring capacity 

There are three cases that drive the wiring factor: 

1. Escape from a component (like CSP or component: see 
104.0). 

2. Wiring between two or more tightly linked components 
(like a CPU and cache; see 10.4.2). 

3. Demand produced by all components on both sides of 
an assembly (see 104.3). 


10.4.1 Localized Escape Calculations Component land 
patterns can be peripheral or full array. Peripheral arrays 
are the most practical for using leading edge HDI design 
rules. 
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Table 10-1 Number of Conductors for Gridded Router When Feature Pitch is 2,500 рт [98,425 uin] 
Conductor Land Width ym [in 
cH рт [pin] 
and Width E 400 300 250 200 
рт [ln] 120.670) 115,750] 113,780) 011,810] 19,843] 17,874) 
200 [7.874] _|_157.4 [6197] | 157416197] | 157416197) | 197177561 | 19717.7561 | 197 17.756) 
15015,906] | 23619291) | 2361929) | 23519291) | 23519291) | 276110866) | 276 110,866) 
1254921] _|_276 [10.866] | 276110866] | 315112402) | 31512402] | 31512402) | 315 [12,402] 
100 [3,937] |354 [13.937] | 394 115,512] | 99415512] | 394 [15.512] | 39415512) | 433[17,047l 
7512.953] | 472 18,583) | 512120157] | 512120157) | 551[21,698] | 55121593] | 551 (21,693) 
Table 10-2 Number of Conductors for Gridded Router When Feature Pitch is 1,250 ym [49,213 pin] 
Conductor Land Width (рт) [uin] 
acing 
and Width 525 400 эю 250 200 
(um) [pin] 120,670] 115,750] 113,780] 111,810) 19,843] 17.874) 
200 (7.874 | 304 [1551] | ззл[155] | зәл[155] | 99411551) | 7875098] | 767 (3,098) 
15015808 | 39411551) | 7871098) | 7871098) | 78718098) | 78713098] | 11814646] 
125 (4,921) | 78.7 [5098] | 78.7 (3.088) | 11814,66] 1114,66) | 118 (4.646) | 11814646] 
100 (9,997) | 11614646] 31814646] | 157.4 [6197] | 157416197] | 157416197] | 1574 [6197] 
75 [2.958] | 157.416.197) | 19717,7568) | 19707756] | 1970756 | 23819291) | 23619291] 
Table 10:3 Number of Conductors for Gridded Router When Feature Pitch is 650 рт [25,591 pin] 
Conductor Land Width (um) [pin] 
‘Spacing 
and Width 528 400 350 300 250 
um) [pin] 120,670) (15.750) 113,780] 111,810] 19,043] 
200 (7.874] NA NA NA NA NA 
150 [5.906] NA NA NA NA NA 39.4 [1,551] 
125 [4.921] NA NA NA NA 39411551] | 394 [1,551] 
100 [3.937] NA NA sassi | зәл[155] | 39411,5651) | 394 1,551] 
75 295] NA зе [1551] | 99411551) | 994/155) | 76.719.098] | 787 (9,098) 
Table 10-4 Number of Conductors for Gridded Router When Feature Pitch is 500 um [19,685 uin] 
Conductor Land Width (um) [uin] 
Spacing 
and Width 400 эю зоо 250 200 150 
(ит) [pin] 115,750] 113,780] 111.810) 19,843) 17.874) 15,906) 
200 (7.874) NA NA NA NA NA NA 
150 [5,906] NA NA NA NA МА NA 
125 [4,921] NA NA NA NA NA NA 
100 [3,997] NA NA NA NA 3%. [1551] | 38.4[1,551] 
75 [2,953] NA NA NA зэл[155] | 39415] | 39411591] 
50 [1.969 ] NA sanss] | sanss | sanss | ээа[155] | 394[1551] 
10.4.1.1 Full Array Equation 5 can be used for predict- С =O pitch 


ing the number of signal layers for breakout of a particular 
group of 1/О on a component as seen below. 
Number of Signal Layers = 

Па / 2] - KG - D - Су / (Cw + CJ] + 17 
UG - Dy - C9 / (Cw + CO] + Heer + 1 
Where: 

Cw = Conductor width 

Cs = Conductor spacing 

Dy = Capture land diameter 

Ра = Target land diameter 


[Equation 5] 


n = Number of rows in full square array 


10.4.1.2 Peripheral Array The general equation Гог 
peripheral array components is similar to that for area 
array. It requires only the substitution of the term ‘r’ (r = 
the number of rows deep of contacts) for the n/2 term in 
Equation 5. The chip or package will be larger than a full 
array, but the design rules and number of signal layers will 
be much less aggressive. 

‘Table 10-6 displays the number of pad rows that can escape 
from a full or peripheral array component per HDI layer 
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Table 10-5 Number of Conductors for Gridded Router When Feature Pitch is 250 рт [9,843 pin] 
Conductor Land Wicth (pm) [pin] 
‘Spacing 
and Width E 00 250 200 150 109 
(ит) [uin] [13,780] 111,810] 19,843] [7,874] 15,906] 13,937] 
150 [5,906] МА МА МА NA NA NA 
125 4921] NA NA NA NA NA NA 
100 [3,937] NA NA NA NA NA NA 
75 (2,953) NA NA NA NA NA NA 
50 [1,969] NA NA NA NA NA 394 [1,551] 
Table 10-6 Pad Rows that can Escape per HDI Layer for Different Feature Sizes 
Component Pitch Size (mm) [In] 
Trace/Space Pad Diameter 335 19 ово 075 [rj 
um) [un] (em) [n] 1004528] | (0.0394) | 10.0315] | 10.0295) | [00256] 
75 2.959] 0025 [0.009642] 6 5 4 3 з 
0.030 [0.01181] 6 5 з з 2 
0.035 [0.01378] 5 4 3 3 2 
0.040 (0.01575] 5 4 3 2 2 
100 [3,937] 0.025 [0.009842] 4 4 3 2 2 
10.030 [0.01181] 4 3 2 2 2 
0.035 (0.01378] 4 3 2 2 1 
0.040 [0.01575] 4 3 2 2 1 
125 [4921] 0.025 [0.009842] 4 3 2 2 2 
0.030 [0.01181] 3 3 2 2 1 
0.035 [0.01378]. 3 3 2 2 1 
0.040 (0.01575), 3 2 2 1 1 
using blind microvias. If the chip and substrate size ofa We = (2.25 Ny) / P [Equation 7] 
peripheral array can be accommodated, the reduced design yere; 


rules and layer count has a beneficial effect on PCB fabri- 
cation costs. 


10.4.2 Wiring Between Tightly Linked Components 

Equation 6 shows how to calculate tightly linked compo- 

nents or the substrate wiring capacity WC. 

WE = (2.5) * (Мр * Py -D * R) / 

P) * Py) * (0) 

Where: 

Number of ИО per component 

Leads per net 

= Wiring efficiency (30% to 80%) 

P = Module pitch 

R = Average wiring length = (k * (1 + 0а N) * 
N'*)-k = 075 

N = Number of components 


[Equation 6] 


Figure 10-1 gives a visual example of this equation. Ап 
alternate equation can be used to give a close approxima- 
tion. The wiring factor (спусте) [in/in sq.] can now be 
determined using Equation 7. 


Ny = Number of ИО per component 
P = Pitch between active components 


Dr. Donald Seraphim, IBM, made such a derivation (based 
оп an empirical analysis) and observed that it is impossible. 
to fill all available wiring channels with conductors. The 
empirically established efficiency, €, is between 25% and 
70%. Fifty percent efficiency is normally used, thus the 
maximum available wiring capacity (connectivity) must be 
twice the length of the necessary or actually required wir- 
ing (wiring factor). 


10.4.3 Total Wiring Requirements As a general rule, the 
escape routing from microcomponents does not exclusively 
determine the design rules or number of signal layers. 


Other factors such as the printed wiring assembly form 
factor, the pitch of the other SMT components, how many 
parts are on the back side and the distance between parts 
may drive the need for different design rules and more sig- 
nal layers than those required by the pin out of the micro- 
‘components alone. 
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Table 10-7 Efficiencies 
Design Efficiency 
Scenario Conditions. (E) б 
Through-hole SMT wil 
Normal Rigid | without back side passives 25 
(gridded CAD) 
Through-hole SMT with” 
| „| [= ==. | « 
(gridded CAD) 
P "Through hole SMT with back 
Normal Rigid | side active component 40 
(gridded CAD) 
» Normal Riga (Ore sus Ud Ws ing m 
Normal Rigid | Two Side b ти Маз (using zm 
главно = 
Two-Layer = 
Figure 10-1 Wiring Factor Model for Tightly Coupled Redistribution | Using autoroute us 
Components. Bord Using autorouter 80 


The easiest equation to use is the wiring density (W D) 
predictor given in Equation 8, which relates to the total 
parts on both sides of an assembly, the assembly arca. total 
number of leads and a factor relating the semiconductor 
technology being used. 


Wo = Утар) 


Where: 

p = Total parts on both sides of an assembly 

а = Area оп an assembly (one surface only) 

Total leads of all parts including connector fingers 
5 (analog & digital, high discrete) 

0 (digital products) 

5 (high ASIC focus, MCM, PCMCIA) 


{Equation 8] 


‘This wiring density (Wp) predictor is the actual wiring in 
спусте that an average of three nodes per net would 
require for the parts (p) with leads (1) on a PCB area (a). 


This is related in the equation for wiring factor (see Equa- 
tion 4). 


To convert the wiring factor into a series of layer count and 
design rule combinations that will satisfy the density 
requirements of the proposed HDI design, the PCB layout 
system efficiency is divided into the wiring factor. PCB 
CAD layout efficiency is estimated from benchmarking 
actual designs and is only an approximation, Each 
designer, CAD system and placement methodology will 
affect the routing efficiency. 


Table 10-7 shows the estimated efficiencies (e) that can be 
used for various design combinations. 


10.5 Ма and Land Density Higher via density conflicts 
with higher conductor density. However, it is not the via 
itself that causes the conflict; itis the land required for the 
via. This is because the capture land and conductor pattern 
‘occupy the same routing surface on the layer. The land is 
the locus of position the via could have considering all the 


fabrication and material tolerances. So the via сап become 
increasingly smaller and the land will still be needed, a 
‘compromise must exist between the number of via/land 
sites on the PCB and the conductor density, 


For example, a feature pitch of 1.25 mm [0.04921 in} per- 
mits a maximum of 64 vias/em? [163 vias/in?], a pitch of 
0.65 mm [0.0256 in] permits 225 vias/cm 2 [572 vias/in?] 
and a pitch of 0.50 mm [0.0197 in} permits 400 viasfem? 
11016 vias/in?]. 


10.6 Trade Off Process 


10.6.1 Wiring Factor Process Figure 10-2 gives an 
example of a wiring process flow chart, 


10.6.2 Input/Output (VO) Variables The input variables 
for the trade off formulas are given in Equation 9, Equation. 
10, Equation 11, Equation 12, Equation 13 and Equation. 
ч. 


Parts per square area (PPA) = p /s [Equation 9] 
Average leads per part (LPP) = 1/ p [Equation 10] 
Wp = 3.5 * (NPPA) + LPP [Equation 11] 


We = Wp! P, [Equation 12] 
Where: 


P, = PCB layout efficiency - The percentage of wiring 
capacity the wiring factor consumes. 


Number of layers (L) = (We * G) / Cy 
Where: 


G = Channel width - The width of the space between adja- 
cent via holes or component lands with which to run con- 
ductors. 


[Equation 13] 
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Figure 10-2 Wiring Process Flow Chart 


Number of Conductors (Сы) = (We * G)/ L [Equation 14] 
Where: 


L = Signal layers - The number of PCB layers dedicated to 
running conductors (does not include power or ground lay- 
ers). 


11 DOCUMENTATION 


Documentation shall be in accordance with the generic 
standard IPC-2221. 


12 QUALITY ASSURANCE. 


Quality Assurance shall be in accordance with the generic 
standard IPC-2221 
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e-mail: markpéipcvideoorg — wwwipcorg 


ted Circuits Expo? 


IPC Printed Circuits Expo is the largest trade exhibition in North America devoted to the PWB 


н manufacturing industry. Over 90 technical presen 
PRINTED Visit www.ipeprintedcircuitexpo.org for upcon 
Exhibitor informati Registra 
Contact: Mary MacKinnon Alicia Balonek tel 84: 
Sales Manager Exhibits Manage fay 84 
tel 847/790-5386 tel 8 e-mail: registration@ipe.org 
e-mail: MaryMackinnon@ipe 


ons make up this superior technical conference 


ng dates and information, 


information: 


509-9798 


e-mail: AliciaBalonck@ipc.ong 


APEX? / IPC SMEMA Council 
Electronics Assembly Process Exhibition & Conference 
APEX is the premier technical conference and exhibition dedicated entirely to ће electronics 


assembly industry. Visit www. СОАРЕХ org for upcoming dates and more information. 


Exhibitor information: Registration information: 
‘Contact: Mary MacKinnon tel 847/790-5360 
tel 847/790-5386 fax 847/509-9798 


e-mail: MaryMacKinnon@ipcorg e-mail: goapex@ipc.ong 


How to Get Involved 
The first step is to join IPC. An application for membership can be found in the back of this publication. Once you 


ess are vast, Join a technical committee and learn 


mber, the opportunities to enhance your compe 
from our industry's best while you help develop the standards for our industry. Participate in market research programs 


which forecast the future of our industry. P 


ticipate in Capitol Hill Day and lobby your Congressmen and Senators for 


better industry support. Pick from a wide variety of edu 


il opportunities: workshops, tutorials, and conferences. 
Моге up-to-date details on IPC opportunities can be found о 


‘our web page: www.ipc.org. 
For information on how to get involved, contact: 

Jeanette Ferdman, Membership Director 

7905309 fax 847/509-9798 

e-mail: JeanetteFerdman@ipc.org jeipcorg 


їз 


arc Application for Site Membership 


ASSOCIATION CONNECT 
Гетото INDUSTRIES 


Thank you for your decision to join IPC members on the “Intelligent Path to Competitiveness”! 
IPC Membership is site specific, which means that IPC member benefits are available to all 
individuals employed at the site designated on the other side of this application. 


To help IPC serve your member site in the most efficient manner possible, please tell us what 
your facility does by choosing the most appropriate member category. (Check one box only.) 


[0 Independent Printed Board Manufacturers. 


This facility manufactures and sells to other companies, printed wiring boards (PWBs) or other electronic 
interconnection products on the merchant market. What products do you make for sale? 


(О One-sided and two-sided rigid С) Multilayer printed boards [ Other interconnections 
printed boards 0) Flexible printed boards 


Мате of Chief Executive Officer/President 


[J Independent Electronic Assembly EMSI Companies 


This facility assembles printed wiring boards, on a contract basis, and may offer other electronic interconnection 
products for sale. 


Мате of Chief Executive Officer/President 


[C] OEM-Manufacturers of any end product using PCB/PCAs or Captive Manufacturers of РСВУРСА5 


This facility purchases, uses and/or manufactures printed wiring boards or other interconnection products for 
use in a final product, which we manufacture and sell. 


What is your company's primary product line? 


[Û Industry Suppliers 


This facility supplies raw materials, machinery, equipment or services used in the manufacture or assembly of 
electronic interconnection products. 


What products do you supply? 


[Г] Government Agencies/Academic Technical Liaisons 


We are representatives of a govemment agency, university, college, technical institute who аге directly 
concerned with design, research, and utilization of electronic interconnection devices. (Must be a non-profit 
ог not-for-profit organization.) 


GPc Application for Site Membership 


CONNECTING 


TON 
Га помо INDUS TRES: 


Site Information: 


Company Name 
Ер 

ау ‘Sate Ziel Code 
Main Switchboard Pane No. Wain Fax 


Бате of Primary Contact 


Tile Wa Sap 
Prone Tar 
‘Company email adüress Wabste UAL 


Please Check One: 


C $1,000.00 Annual dues for Primary Site Membership (Twelve months of IPC 
membership begins from the time the application and payment are received) 


[ $800.00 Annual dues for Additional Facility Membership: Additional membership for a site within ап 
organization where another site is considered to be the primary IPC member. 


(0 $600.00** 


8 for an independent PCB/PWA fabricator or independent EMS! provider with 
5 of less than $1,000,000.00. **Please provide proof of annual sales. 


C $250.00 Annual dues for Government Agency/not-for-profit organization 


TMRC Membership — С] Please send me information about membership in the Technology Market 


Research Council (ТМАС) 


Payment Information: 


Enclosed is our check for $. 


Please bill my credit card: (circle one) МС АМЕХ 


Card No. 


DINERS 
Exp date. 


Authorized Signature 


Mail application with check or money order to: 
IPC 

Dept. 77-3491 

Chicago, IL 60678-3491 


Fax/Mail application with credit card payment to: 
IPC. 

2215 Sanders Road 

Northbrook, IL 60062-6135 

Tel: 847 509.9700 

Fax: 847 509.9798 

http;//www.ipc.org 


Please attach businoss card 
ol primary contact here 


Аре 


ASSOCIATION CONNECTING 
ELECTRONICS INDUSTRIES e 


Standard Improvement Form IPC-2226 
“The purpose of this form is to provide ihe Individuals or companies are invited to If you can provide input, please complete 
Technical Committee of IPC with input submit comments to IPC. АП comments this form and retum to: 

from the industry regarding usage of will be collected and dispersed to the IPC 

the subject standard. appropriate committec(s). 2215 Sanders Road. 


Northbrook, IL 60062-6135. 
Fax 847 509.9798 
mail: answers @ipe.org 


1. T recommend changes to the following: 
— Requirement, paragraph number 


— Test Method number paragraph number 


‘The referenced paragraph number has proven to be: 
— Unclear . Too Rigid . .InEmor 
— Other. 


Recommendations for correction: 


3. Other suggestions for document improvement: 


Submitted by: 

Name Telephone 
Company E-mail 
Address 


City/State/Zip Date 


